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Frontispiece:

The Kingfish event of Operation Dominic, showing the many different
physical and chemical phenomena that follow a nuclear explosion at the.
"edge” of the sensible atmosphere. ‘
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F OREWORD

On August 22, 1958, President Eisenhower announced that the United States was
ready to begin test ban necgotiations on October 31, and to suspend nuclear weapons
tests on that date for one year while the ncgotiat:ons proceeded. The suspension
might continue from year to year depending on progress in other areas. A week later
Premier Khrushchev agrccd to the same date for negotiations, but not to a moratorium.
In fact, Soviet testing, in abeyance since March, resumed on September 20 with two
very large explosions, and continued until November 3. In compliance with the
President’s statement, no U.S. tests were conducted after October 30. No further
tests then were performed by either nation until the Soviets burst forth with an
‘astonishing 45 shots in 65 days beginning on September 1, 1961. Of these, 14 were
above a megaton, and one yiclded 63 megatons -- the largest bomb cver fired by any
nation. The Soviet program gave every cvidence of careful and deliberate
preparation. : '

. Following the 1958 test suspension, the United States dismantled most of the
complex infrastructure required for its own nuclear test programs, both in Nevada and
in the Pacific. Almost three years later when President Kennedy found it essential
to United States interests to resume testing in response to the Soviet testing, the
experience for America’s testing community was technically agonizing, operationally
painful, and economically very costly. The atmospheric component of test rcsumpuon
had especially high political obstacles and costs.

In this book, which was cight years in preparation, Wnllxam E. Ogle has provided
a detailed description of the events of that period. The book does not argue for- or
against nuclear testing underground or in the atmosphere. Rather, it presents a
comprehensive account of the major difficulties that attended U.S. test resumption in
both of those environments after a period of total cessation. At the time of this
writing, the United States (along with scveral other nations) still conducts tests
underground, but it has become clear that this activity sustains only a small
fraction of the capability that would be required if the national interest again made
it necessary to conduct tests in the atmosphere.

Dr. Ogle’s book is unique in several respects. It is the only detailed account
by an "insider” of United States nuclear testing. The earlier development of testing
methods and weapons technology is presented as necessary background for the reader.
The author, in addition to accumulating and knowledgeably screening a vast collection
of original documents from the period, personally interviewed more than 70 key
political, technical, and operational professionals who participated in the events
described in the main part of the book. The collection of data and interviews on
which this book is based will be preserved intact in the archives of the Los Alamos
National Laboratory. Since many of the original sources are no longer available,
this archival material is unique and irreplaceable.

Bill Ogle's professional contributions to the nation’s security encompassed the
full range of development, testing, and use of nuclear weapons. He played a central
role in the United States nuclear test program from the first explosion at Alamogordo
in 1945 through the time of his death in May 1984. During the critical periods just
before and following the moratorium he served as Scientific Deputy to the Military
Commanders of the Joint Task Forces that were created to carry out U.S. tests in the
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Pacific. As Test Division Leader at Los Alamos, he was responsible also for a major
part of the underground test program in Nevada. At the time of his death he was an
active participant in deliberations at the highest levels of the Departments of
Defense and Energy. A scientist, teacher, and leader with exceptional management
skills, Ogle instilled in his co-workers some of his own enthusiasm and his complete
dedication to the task at hand. He inspired lasting respect and affection among all
of us who knew him.

Ogle was a superb communicator, whether he was dealing ‘with the President of the
United States or with a craft worker at one of the test sites. As the individual
with primary responsibility for public safety, he had an unusual ability to provoke
other specialists into looking deeply and thoroughly before each test event at the
range of its possible consequences. The book extensively documents the conscientious
and untiring efforts made, under his guidance and using all available knowledge, to
" protect the safety of the public and especially of those potentially at risk in and
near the testing sites.

‘The editorial board, which undertook to complete this study after the author’s
death, decided that it should be left largely to the reader to determine the
relevance of this account to future US. actions. Underground testing has continued
since the ratification of the 1963 Limited Test Ban Treaty, which prohibits testing
in all other environments. The Soviet Union recently has proposed, and claims to be
observing, a 5-month moratorium on underground tests; the Administration has rejected
the Soviet proposal. At the moment it seems very unlikely that the United States
will unilaterally initiate testing in the atmosphere, but the outlook is clouded by
active missile-defense programs on both sides. The history presented here shows that
the Soviets are capable of secret preparations for claborate tests, while in this
respect the US. is severely self-constrained.

Were a need to arise in the future as suddenly occurred in September 1961, the
account contained in this book should be an invaluable asset to those called upon to
respond. To ignore this history may well be to repeat it. As President Kennedy said
in 1961: "The Soviet Union prepared to test while we were at the table negotiating
with them. If they fooled us once, it is their fault, and if they fool us twice, it
is our fault® Bill Ogle has left a vital' record that deserves the attention of
those who may in the future be responsible for the nation’s security.

John S. Foster, Jr.
September 1985
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PREFACE

Note to the Reader:

At the time of his desth in May 1984, William E. Ogle--known to friends and colleagues across the nation as *Bill"” or
simply as™Ogle"--had worked for almost eight years on this historic acecount. Soon after his death, the four men whose names
appear at the end of this preface--all long-term friends and sasocistes of the suthor--offered their assistance to consolidate
and publish this unfinished work.

As the institutiona! sponsor of the project, and with the concurrence of, and a generous offer of assistance by, the
Director of the Los Alamos National Laborstory, ] commissioned these four as an editorial board, charged with sarly completion
of a manuscript which would preserve the integrity of Dr. Ogle's work and be s useful reference for thoss to whom his message
was addressed. ’

With this publication I believe they have accomplished that task.

Las Vegas, Nevada Thomas R. Clark
July 1985 Nevada Operstions Office
U.S. Department of Energy

It was not without some trepidation that we approached the task of editing and
publishing this volume. Starting with the Prologue, the material is presented in
decreasing order of its state of comnletion at the time of the author’s death.
Westervelt and Peck had worked with him extensively from 1979 until his death, had
assisted with writing, had reviewed most of the manuscript, and had provided detailed
comments and suggestions. Brownlee and Ray had read much of the draft material and
had given their suggestions also.” All believed that the author was reasonably -satis-
fied with the Prologue and Chapters I and 1I. Chapters III and IV were not so far
advanced and presented the need for significant writing effort affecting both organi-
zation and content. Ogle had intended a Chapter V, with a working title of "Lessons
Learned,” but we found not even an outline of that chapter. In fact, it was not
clear whether these were to be lessons learned by the author or by the nation (or
perhaps by the reader?). Thus, we have chosen to retitle that element the Epiloguc,
and we accept full responsibility for it. The Index is ours also, although our task
here was essentially mechanical--organizing .and cataloging the results of an enormous
amount of digging and collecting by the author.

We welcomed the constraint imposed by Tom Clark, regarding the integrity of
Ogle’s effort. It was a condition which we ourselves imposed from the outset. Each
of us was at times tempted to "improve" Ogle's draft, but for the most part we have
successfully resisted that temptation. : When we have become aware of errors of fact
we have corrected them, but we have avoided second-guessing the author’s judgment.
We offer these disclaimers along with our hope that the reader who knew and worked
with Bill Ogié will find that most of what follows is presented in a familiar style.

As for our own credentials, ‘all of us were associated professionally and-
personally with William Ogle for many years in a varijety of circumstances and re-
lationships. To each of us he was at times a mentor.* Each of us had a specialized
role in one or more aspects of the history that is told here. Individually and
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collectively, we believe that we have been faithful to both the facts and the
author’s purpose.

Although Bill Ogle personally was a participant in most of the pertinent actions
of the era upon which he reports, he was a disciplined writer and, therefore, a
disciplined researcher. He mined the libraries and files of scores of offices and
organizations and assembled a comprehensive and unique coliection of official and
authoritative papers. He. interviewed at least 72 individuals, some several times,
and preserved the original tape recordings of those interviews. The editorial board
‘has recommended that a suitable classified repository be established at Los Alamos to
house this collection and keep it intact and available for future researchers. Once
that is done, this book should serve as a useful index and road map.

We will not presume to write the author’s acknowliedgments of assistance re-
ceived, although we are quite certain of one name that would surely have been there.
John C. Conrad, then Captain, U.S. Air Force, was detailed to work with Ogle from
early 1974 through 1976. He assisted mightily with the research efforts, including
notably the personal interviews. In our own behalf we wish to express appreciation
to Janice Reeve Ogle for both encouragement and assistance in getting started and to
the others in Ogle’s Energy Systems Inc. family in Anchorage. Most- of our work was
done in Albuquerque, in space arranged for by Holmes & Narver, Inc. Milton Peek, who
was our taskmaster throughout, had offices there and all of us appreciated the
excellent working environment and hospitality. Getting the job planned, organized,
and agreed upon was onc thing; getting it done was another. Dave Buckner's as-
sistance was invaluable in transcribing the original Energy Systems microcomputer
floppy discs to a form usable by Holmes & Narver. Glenda Cremer Ponder was that
indispensable person in any publishing venture who takes sentences, paragraphs, and
pages, marginal notes and all, and turns them into a manuscript ready for the
printer. Finally we wish to thank Tom Clark for authonzmg and supporting the
completion project.

What started out as a challenge and a duty has been mdecd a labor of love. How
‘many times, over these months, we have interrupted our deliberations to recall an
Ogle mannerism, an expression, 8 statement of an evident truth. How many times his
candor has given us pause. In a way that he truly would have enjoyed, there was a
Bill Ogle presence in all our deliberations.

‘No one can predict when the nation may face a similar set of conditions in
attempting to balance political imperatives against the harsh truths of science, or
the constraint which must accompany diplomatic negotiations against the urgent need
to be ready to move swiftly should negotiation fail. We--four amorig many who worked

" with William Ogle before, during, and after the test moratorium of 1958-1962--shared
his view that this was an era the history of which should be preserved. His was an
_ important contribution to making that record. For us it has been a rare privilege to
help fulfill that purpose.’

Albuquerque, New Mexico The Editorial Board
September 1985 ' Roger Ray, Chairman
Robert Brownlee
H. Milton Peek
Donald Westervelt
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INTRODUCTION

This work was commissioned by Major General Frank Camm, Director of Military
Applications of the AEC, at the suggestion of Robert R. Brownlee, AEC lcader of the
Safeguard C (Readiness) program.

The intent was to relate the steps taken by the US. to return to nuclear
weapons testing in late 1961 and 1962, after the threc-year test moratorium of 1958
to 1961. Such a relation, in concept, would be useful to future planners were the
termination of some similar hiatus (CTB, LTBT, etc.) to result in a sudden require-
ment to again renew or change drastically our testing procedures. Safeguard C of the
LTBT requires that the U.S. maintain a "readiness to test in the prohibited enviro-
ments." This work is intended as background reading for those who might have to
carry out such a program. - '

However, very ecarly on, the author concluded that a simple recounting of the
steps taken in 1961 and 1962 would result in an inadequate understanding. It also
secemed necessary to bring to the reader some of the background that set the stage for
those actions. Thus, there is a rather long recounting of nuclear weapons testing
problems, procedures, accomplishments, etc. prior to the actual meat of the work.
The entire effort is broken into a Prologue, relating briefly the period of 1946 to
1958(?); Chapter 1, giving the last six months of testing before the test moratorium
went into effect; Chapter II, relating the period of the moratorium; Chapter III,
relating the return to testing in Nevada; and Chapter IV, relating the return to
testing in the Pacific. A Chapter V, giving some of the author’s views on lessons
learned, may or may not be produced. ‘ : ‘ '

This volume -- labelled Book I -- takes the reader through the moratorium. It
is planned that Chapters IIl and IV, now in draft and on the word processor, will be
issued in a year or two.* .

Many people have helped in this effort. 1 am grateful to those many partici-
pants who subjected themselves to interviews and to those who were kind enough to
read certain portions for accuracy of content, in particular John Malik, Don
Westervelt, and Irv Woodward. My special thanks go to John C. Conrad who did the
major work of documentation collection, and who assisted in producing much of the
first draft material. Equally, I owe a great debt to Milton Peck who has patiently
assisted me in editing the many versions. Lastly, I wish to thank N. E: Bradbury and
A. D. Starbird for reading enough of the draft to conclude that they had no objec-
tions to its (classified) publication.

William E. Ogle
December 1983, Cabo San Lucas

*Ed. note: With the editors’ decision to publish the entire work in one volume, this paragraph of the author's
Introduction no longer obtains.
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PROLOGUE 17

AN ACCOUNT OF THE RETURN TO NUCLEAR WEAPONS TESTING
: - BY THE UNITED STATES '
AFTER THE TEST MORATORIUM
: 1958-1961

PROLOGUE

In order to understand the steps taken immediately before the moratorium, during
the moratorium, and at the end of the moratorium that affected the United States’
capability to resume nuclear weapon testing, it is pertinent to review our status,
from both the political and technical points of view, before the moratorium.

In the period of the moratorium, 1958 to 1961 and immediately afrerwards, there
was strong interaction between the testing activity details and the political situa- -
tion in the United States. That interaction was perhaps not so strong in the period
of 1946 to 1958, but nevertheless was occasionally noticeable.

Thus, there are several subjects that need to be discussed in this background:
the political history of testing, which, of course, is largely the history of test
ban activities; the tests themselves and their aims; the methods of testing; and the
safety problems, specifically the question of worldwide fallout.

Negotiations

Perhaps it is best .to remind ourselves first of the political history prior to
carly 1958. The period of 1943 through July of 1945 hardly belongs in this story
since, on the part of the United States, it was largely a problem of active material
procurement and device design, all conducted in great secrecy and, hence, discoura-
ging external political problems were not particularly notable to the test organiza-
tion. Furthermore, the story has been told in great detail clsewhere. For instance,
the first volume of the official history of the U.S. Atomic Energy Commission (AEC),
The New World, 193971946, by R. G. Hewlett and O. E. Anderson, Jr., covers these
years in detail. Also, there are a variety of other books on this -subject in those
years  such as Stephane Grouef{’s Manhattan Project. the Untold Story of the Making
of the Atomic Bomb, John Purcell’s The Best-Kept Secret, and recently, Martin Sher-
win'’s 4 World Destroyed.

However, a few specific points should be made. The development of nuclear
weapons in the United States* was hand in glove with the British and Canadians, and
it 1s clear that even before the testing of the first nuclear weapon in July 1945,
there was appreciable concern in these circles as to how this awesome weapon would be
controlled. Roosevelt and Churchill had discussed the subject during 1943-1944. When

*In Britain, thers wers members of the French technical community involved.
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Truman disclosed to Stalin at the Potsdam Conference that the United States was abo.ut
to produce such a weapon, the subject was apparently not really new to Stalin.
Kissinger® states:

- Against the background of the later disclosures of Soviat espionage there can be no doubt that Stalin was well

" aware of the impact of what he was being told. It is almost certain, in fact, that Stalin learned of the

possibility of nuclear explosions well before Truman, who was not informed of the existence of our atomic energy
program until he became President, in April of 1945. :

Within 2 month after the Hiroshima detonation, the Soviet press was taking the
attitude that the atomic bomb was not a decisive weapon, that it did not confer a
basic advantage in warfare, and that all progressive forces should unite against its
use. Stalin publicly ratified this view within a year, and mamtamcd it up until
the Soviets produced their own nuclear weapons.

The British and Canadian Prime Ministers, Clement R. Attlee and Mackcnznc King,
arrived in Washington, D.C. on November 10, 1945, for meetings with the President on
the subject of a joint stand and communique on atomic energy matters. After several
days of high-level discussions and detailed work on a joint draft, at which two of
the American principals were Vannevar Bush and Ben Cohen of the State Department, the
three nations agreed to a proposal and communique read by President Truman at a press
conference on Thursday morning, November 15, 1945, Having decided not to disclose
any information on the details of atomic energy, even as far as industrial applica-
tions go, for the present: :

The Anglo-American chiefs believed the United Nations should set up a commission to make specific proposals for
(») extending between all nations thie exchange of basic scientific information for peaceful ends, (b) controlling
atomic energy to the extent necessary to ensure its use only for peaceful purposes, {c) eliminating from national
armaments atomic weapons and all other major weapons adaptable to mass destruction and (d) setting up safe-
guards to protect complying states from the hasards of violations and evasions.

The plan would proceed in stages, overseen by a commission, with each stage following
upon the successful completion of the previous stage. This communique was followed
within a month by a decision to solicit the Soviets’ agreement on the basic guide-
lines and to seek their support of a joint proposal which would be brought before the
United Nations for impiementation. The details®*® of this concept were carried by
Secretary of State Byrnes to Moscow for 8 meeting of the foreign ministers in mid-
December (1945).

On January 7, 1946, less than six months after the testing of the first nuclear
weapon, Secretary of State James F. Byrnes set up a Committee on Atomic Energy with
Dean Acheson as Chairman. Other members of the Committee were Vannevar Bush, James
B. Conant, Leslie R. Groves, and John J. McCloy. The major aim of the Committee was
to consider controls and safeguards having to do with the development of atomic
energy, with specific emphasis on the control of nuclear weapons. The Committce
appointed a Board of Consultants including, among others, David E. Lillienthal, soon
to become Chairman of the Atomic Energy Commission, and J. Robert Oppenhecimer, who
had been the wartime head of Project Y, later to become the Los Alamos Scientific
Laboratory (LASL), the designers of the first nuclear weapons.

*Henry A. Kissinger, Nuclear Weapons and Foreign Policy, Batper & Bros., New York, 1957, page 364.
**These details are covered comprehensively in the The New World, the AEC's history, especially Chapters 14
and 18, .
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After several months of intensive study beginning in January of 1946, the
Lillienthal Board of Consultants, and then the Acheson Committee, formed several
conclusions and recommendations which they transmitted to the Secretary of State on
March 17. ’ . L

The Committee started with the statements made by the President and Prime L.dmls-
ters that we now had a revolutionary weapon establishing means of destruction hither-
to unknown, that there was no adequate military defense against atomic weapons, that
no single nation could, in fact, have a monopoly of these weapons, and that t}‘xe o_n{y
complete protection for the civilized world from the dcstruc}w,c use of scientific
knowledge lay in the prevention of war. Thus, the United States had alrgady ma_de a
political commitment to seck, by all reasonable means, to bring about international
arrangements to prevent the use of atomic energy for destructive purposes and to
promote its use for the benefit of socicty. The Committee concluded that there was
no prospect of security against atomic warfare in a system of international agree-
ments to outlaw such weapons controlled only by inspection and similar policelike
methods. In other words, there could not be a successful scheme of inspection in a
real world. Here inspection had not only to do with nuclear weapon testing, but also
with the control of the production of nuclear weapons. This was the philosophical
framework in which atomic energy would be developed around the world for peaceful
purposes. The Committee further concluded that if nations or their citizens carried
on intrinsically dangerous activities, the chances for safeguarding the future were
hopeless. *Intrinsically dangerous activities" meant the mining, production, and
separation of uranium, the operation of reactors, hence producing plutonium, and the
use of the product materials for the production of atomic weapons. They therefore
proposed that an international agency be given sole responsibility for these dan-
gerous activities, with individual nations giving up their sovercignty to that ex-
tent. To put it differently, nuclear energy, including weapons, should be in the
hands of an international agency or there would be no hope of preventing nuclear war.

This study became the basis for the so-called "Baruch Plan" presented to the
United Nations Atomic Energy Commission at their first meeting on June 14, 1946. The
plan, in c¢ssence, proposed the establishment of an International Atomic Development
Authority (IADA), to which all phases of the development and uses of atomic energy
would be entrusted. It would own all mines and plants producing atomic fuel. It
would manage these opcrations, it would have the exclusive capacity to. carry on
research on atomic weapons, and it would license nations to conduct their own atomic
rescarch. It would have the authority to inspect all declared and legal .national
activities to detect any illicit activities. The IADA would have the authority for
sanctions against any violator., And lastly, the plan was to be put into effect by
stages. The control system was to be established first and then the United States
would halt the manufacture of atomic bombs, dispose of its existing bombs, and hand
over to the authority its scientific and technological knowledge. The idea of sanc- .
tions was Baruch’s own.* It appears that the Committec of Consultants considcred
this plan, minus the sanctions, as a genuine stab at a solution to the nuclear
weapons problem and specifically considered international control, in some_form

eventual use of nuclear w

*John W. Spanier and Joseph L. Nogee, The Politics of Disarmament, F. A. Praeger, Inc., New York, 1962,

page 86. ' DOS, Su.s.c. 552
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t the second meeting of the U.N. Disarmament Commission, on July 19, 1946 (less
than a year after Trinity), a Soviet draft proposal was presented by Andrcn Gromyko.
The Soviet proposal was for:

. .. prohibiting the production and use of atomic weapons and providing that within three months from its entry
into force, all atomic weapons were to be destroyed. Violations of the conventions were considered to be a
sarious crime against humanity; severs penalties for violation were to be provided by domestic legislation; the
agreement, of indafinite duration, was to come into force afier the spproval by the Security Council and ratifi-
cation by the Council's permanent members; and all states, whether or not members of the United Nations, would
be required to fulfil! all provisions of the agreement. -

Further, Gromyko proposed setting up other control measures to ensure observance.
(The United Nations and Disarmament, page 13.) At this time, the United States had,
as a reaction to. popular emotion, largely dismantled its armed forces with the
exception of retaining the nuclear capability, whereas the Russians still had under
arms a great number of soldiers, probably somewhere between two and a half and three
and a half million. ,

While a great deal of discussion was carried on in the United Nations on this
subject in the years 1946, 1947, 1948, and 1949, the situation was actually quite
static, with the United States standing behind its offer of the Baruch Plan and the
Russians making variations of the proposal to ban all bombs with no control. " The
actual propaganda, of course, on the Russian side implied control but did not specify
a way to accomplish it. The United States’ position was that there should be control
first, and then we would do away with the bombs. It is interesting to note that in
this period of time, the United States conducted both the Crossroads and Sandstone
operations in the Pacific, with essentially no notice of that fact being taken in the.
United Nations' debates and with essentially no feedback from those debates upon the
operations, or vice versa.

Again, it should be pointed out that at that time the arguments were concerned
with disarmament, specifically with nuclear disarmament, but including all disarma-
ment, rather than the question of nuclear weapon testing alone.

(Parenthetically, up until the early 1950s, the United States had a position of
keeping atomic and conventional disarmament talks separate, whereas the Soviet Union
argued that they should be discussed s:multancously However, both sides changed
position in the early 1950s.)

The situation changed rather drastically in the period of 1949 to 1952 The
Soviet Union fired its first nuclear fission device in 1949, The United States
tested its first full-scale hydrogen bomb in 1952, and the Soviets fired their first
hydrogen bomb in 1953. Thus, the United States and Britain no longer had a monopoly
on nuclear weapons and the Baruch Plan was no longer as apparently generous a gesture
as it had been at one time. On the other hand, the Soviets could no longer logically
simply push the propaganda to do away with the bomb completely because they, too, now
had a stockpile. (The British tested their first indigenous atomic bomb in 1952.)

The United Nations Atomic Energy Commission, which had been set up in 1946 with
the hopes of being the forum and implementing body in which important steps towards
solving the new problem posed by the atomic bomb and atomic energy in general could
be handled, did not meet after July 29, 1949, and was subsequently dissolved in
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January of 1952, . o
The period of 1949 to 1953 was one that saw little formal action with respect to

nuclear disarmament or test bans. Stalin, having developed the fission weapon, was
apparently concentrating both on the production of the thermonuclear weapon and, more -
significantly, developing his nuclear forces, both weapons and delivery systcrps:, in
* order to get out of the situation in which the United States had a strong military
~edge on the US.S.R. During this period, the Russian propaganda gradually changed
from "do away with the bombs completely” to "nuclear warfare will only hu.rt dho
capitalistic system." At the same time, the United States became engaged in the
Korean War, which led to a large American military buildup. We were, therefore, more
interested in armament than disarmament. The United States joined Western Europe in
the formation of NATO in 1949 and, hence, had to be concerned with the arming of that
organization. As previously mentioned, we also elected in early 1950 to go ahead
with the development of the hydrogen bomb, which was first fired full-scale in 1952.
In the early 1950s, we began to equip our divisions in Europe with tactical atomic
weapons to compensate for our numerical inferiority to the Red Army.

Possibilities of joint agreements or steps towards any types of disarmament took
an abrupt turn in early 1950 when the Russians began their boycott- of the UNN. In
January, they walked out of the U.N, Atomic Energy Commission and in April, they did
the same in the U.N. Commission for Conventional Armaments, when both of these
Commissions refused their request to seat the Communist Chinese, just as the larger
body of the U.N. had done. They were not to return to the U.N. disarmament activi-
ties until August of 1950, a couple of months after the Korean War had started. The
period of lack of compromise between the Soviets and the US. on these nuclear and
disarmament issues continued through Stalin’s rule in Russia into early 1953. During
this early period of the disarmament negotiation in the Cold War, the American intent
was generally to establish 4 control system prior to agreeing to any disarmament and
finally, to move to the mechanics of destroying nuclear arms. The Soviet position
was the reverse with the climination of nuclear weapons coming first followed by
conventional disarmament and then a control system. The Russian-proposed control
system would be tantamount to self-control.*

The year 1953 saw the conclusion of the Korean War, the death of Stalin, and a
new administration in Washington. In August of 1953, a new Russian Premier,
Malenkov, in announcing the detonation of their first hydrogen bomb, warned that the
USS.R. now had weapons of retaliation and, thus, an atomic war against the USS.R.
would be folly. In December, Eisenhower appealed for extraordinary measures to save
mankind from the holocaust of a hydrogen war in his famous "Atoms for Peace” address

“to the United Nations on December 8, which he hoped would inaugurate an international
program to develop peaceful uses of atomic energy, while acknowledging the impact of
the emerging thermonuclear impasse. He proposed that governments involved in atomic
research and deveclopment should begin to make joint contributions from their stock-
piles .of uranium and fissionable materials to an international atomic energy agency
to be set up under the aegis of the United Nations. Several months later, in March
of 1954, Malenkov admitted that a nuclear war would mean the ruin of the world
civilization, as opposcd to the previous Russian line that it would only mean the end
of capitalism, but was obliged to repudiate the statement two months later.

_ It was now completely clear that the Baruch Plan had outlived its usefulness and
that it had no chance of acceptance in a world in which both sides had nuclear
stockpiles and means of delivery. A new position' began to take form in the ecarly

s

*J. Spanier and J. Noges, Politics of Disarmament, page 84.
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meetings of a newly formed subcommittee of the United Nations Disarmament Commission,
whose task was to agree to a comprehensive and coordinated plan of disarmament. The
subcommittee consisted of representatives of Canada, France, Russia, the UK. and
U.S. They began meeting in May of 1954 and continued meeting for several years.
Right from the start, the Russian representative, Jacob Malik, challenged the pre-
vious Western position (the Baruch Plan) while substantially reiterating the former
Soviet position on disarmament. In response, the U.S. representative, Morehead
Patterson, soon conveyed through oral and written positions the fact that the United
States was now more flexible in arriving at a modified position on these issues and
would not adhere strictly to the Baruch Plan as originally set forth. This was to be
the beginning of something of a thaw in such discussions between the two sides agd
the beginning of much greater activitity, if not progress, than had been scen in
disarmament discussions since the rejection of the Baruch Plan in 1948. A British-
French memorandum to the U.N. disarmament subcommittee,* in June of 1954, offered 2
prohibition on the use of nuclear weapons except in defensc against aggression, and
conversion of existing stockpiles to peaceful purposes. The plan would, in succes-
sive stages, freeze all military establishments, then reduce them by half and cut off
manufacture of nuclear arms, then ecliminate all conventional forces, and finally,
abolish all nuclear weapons. All the stages would be supervised by an International
Control System. The Russians immediately pointed out that the phrase, "except for
defense against. aggression,” was a tremendous loophole, since all nations think of
themselves as acting only in self-defense. Furthermore, the proposed controls were
tantamount to an espionage system. However, they accepted the plan as a basis for
discussion in September, and in May of 1955 the USS.R. reversed its previous
position and apparently accepted a control system prior to the complete elimination
of nuclear weapons. However, they put in several hookers. One, they called for a
- ban on nuclear weapon testing, as part of the first phase of disarmament (at this
point in time, the US. had conducted 66 nuclear detonations, including 6 above a
megaton; the Russians had fired 14). Second, they proposed that the use of nuclear
weapons, except for self-defense, be subject to the approval of the U.N. Security
Council and, therefore, to the Soviet veto.** Third, it was required that the U.S.
liquidate its military bases in other nations. They made another point: "There are
possibilities beyond the reach of international control for evading this control and
for organizing the clandestine manufacture of atomic and hydrogen weapons even if
there is a formal agreement on international control." 1t is, perhaps, worthwhile to
remember that point today. : -

At this time, thé argument turned from disarmament to arms control and the
latter parts of 1955 and 1956 were largely spent in profitless debate about the
number of men that could be in the armed forces of China, United States, Soviet
Union, France, and Britain. Again, tied to his proposal of March 27, 1956, Gromyko
called for a ban on thermonuclear tests. ~Thus, in mid-1956, there was again 2a
deadlock, the Soviet Union demanding a drastic reduction in manpower without exten-
sive controls and the United States and Britain insisting on a limited- disarmament
agreement, including nuclear weapons guarded by strict controls. In July 1956,

. Gromyko. agreed to the Western proposals for force levels (2.5 million each for
USS.R., US.A, and China, and 750,000 each.for Britain and France), but stated
that acceptance of these force levels was, amongst other things, contingent upon an
immediate nuclear test ban. (By the end of July 1956, the U.S. had fired 87 shots,

*Phillip Noel-Baker, The Arms Race, Oceana, New York, 1958.
**). Spanier and J. Nogee, Politics of Disarmament, page 88.
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In

1954, the United States had tested its first emergency capability in thcrmgnuclcar
weapons, and in 1956 tested devices that might fit in a rcgsonablg stockpile, and
specifically might fit missile delivery systems. The Russians first successfp”y
dropped the hydrogen bomb from an aircraft in November 1955, whereas the United
States did not accomplish that until May 1956. The Russians, on August 26, 1957
announced the completion of a successful test of the intercontinental ballistic
missile. : '

The United States’ reaction to these carly Russian proposals was one of no
particular interest in a ban on nuclear weapon tests, except as part of a bl:qadcr
agreement covering other measures of disarmament as well A.ftcln' al_l. our mxl}tary
strategy depended upon nuclear weapons to counter Soviet supcnon_ty' in conventional
forces. However, the development of the Russian ICBM capability in 1957 apparcntly
put more pressure on the United States to move in the disarmament field in some
manner. Thus, at the meeting of the Disarmament Commission of the United Nations in
London in 1957, after the Russians announced on Junc 14 that they would agree to the
establishment of a control system, even on their own territory, to monitor an agree-
ment for the cessation of nuclear weapons tests, the West indicated that it was
willing now to consider test cessation an integral part of the initial stage of a
disarmament agreement and would also agree to a temporary suspension of testing while
‘a control system .was being established. A 10-month suspension was mentioned.
Slightly later, Harold Stassen, the American Representative, offered to extend the
period to 12 months.and suggested an extension for a second year should there be
progress in relation to the cessation of production of fissionable materials for
weapons purposes. At this point, the Russians still insisted that test cessation be
considered as a separate mecasure, whereas the West was willing to consider the test
cessation only as a portion of broader moves toward disarmament. At -this meeting,
Mr. Selwyn Lloyd reiterated a suggestion -he had apparently made elsewhere, that a
committee of technical experts be established within the framework of the disarmament
subcommittee to consider possible methods of climinating nuclear test explosions, and
to investigate the requirements of effective supervision over an agreement to limit
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such explosions. Harold Stassen agdin made the suggestion in August. In both cases, .

" "The USS.R., however, refused to consent to techmical talks unless there was first
an agreement on the period and the conditions of a test cessation.™

(In March of 1954, the United States had detonated the Bravo shot of Operation
Castle from which the debris was carried up and dispersed over a much larger area
than was thought possible. As a result, an appreciable number of Marshallese natives
and the crew of the Japanese fishing vessel, Fukuryu Maru ["Lucky Dragon”} received
large fallout radiation doses. Not long after that, radioactive rain fell on Japan
as a consequence of a Soviet hydrogen bomb test. These incidents, plus an increasing
study of the quantity of radioactive material in the atmosphere and its possible
effects, began to produce a move on th¢ part of other nations to exert pressure on
the United States and Russia to stop testing. Prime Minister Nehru, in an address to
the Indian parliament on April 2, 1954, proposed a "standstill® agreement to stop
testing, leaving the broader problems for later solution. In the years from 1954 to
1957, the Japanese and the Indians, particularly, pressed for a test ban on the part
of the Russians, the United States, and the United Kingdom. Albert Schweitzer issued
an appeal to the Norwegian Nobel Committee, broadcast in 50 countries, asking that

*Harold K. Jacobson and Eric Stein, Diplomats, Scientists, and Politicians, The University of Michigan
Press, Ann Arbor, 1966, page 18.
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public opinion demand an end to nuclear tests. That appeal was endorsed by the Pope
in 1957. The International Labor Organization and Economic and Social Council of the
United Nations recommended a test ban. In August of 1957, the World Council of
Churches urged an international court to stop further testing. In the United Statc_s,
Nobe! Prize winner Linus Pauling urged, through many publications and public
.meetings, a cessation of testing because of the possible genetic effects.

) The next step took place at the 12th session of the U.N. General Assembly in the
Tall of 1957. At that Assembly, the Russians initially proposed a two or three year
test ban starting January 1, 1958, with an International Commission to supervise the
test suspension and with control posts spread through the appropriate nations. That
proposal was withdrawn in favor of an Indian resolution asking that the nuclear
powers agree immediately to suspend tests and that a Commission of Experts be created
to recommend an adequate control system. This resolution was favored by the Eastern
bloc and opposed by the Western bloc and was rejected in cach of two slightly dif-
ferent forms in November of 1957. Meanwhile, the General Assembly had adopted a
resolution patterned after the earlier London Western proposals after a great deal of
discussion and suggested alteration. That resolution included a number of disarma-
ment measures which would occur simultaneously, among which was the immediate suspen-
sion of testing of nuclear weapons and prompt installation of effective international
control, including inspection posts equipped with appropriate scientific instruments
located within the territories of a number of countries, including the United States
and Russia. The resolution also requested that the subcommittee of the Disarmament
Commission convene as soon as possible to set up the implementation of this resolu-
tion, and take as one of their first tasks the establishment of "a group or groups of
technical experts to study inspection systems for disarmament measures on which the
subcommittec may reach agreement in principle® This entire resolution, adopted on
November 14, was supported by the West and opposed by the East. Russia announced
that they would no longer participate in.the work of the Disarmament Commission or
its subcommitee, stating that these bodies were composed in a one-sided fashion.
Various moves were made to change the membership of the Disarmament Commission and
its subcommittee, but none were satisfactory to the Russians.

In the United States, Adlai Stevenson, in 1956, had suggested that the United
States might unilaterally stop testing as a first step toward obtaining an agreement
with the Soviet Union. Bulganin, of the USS.R., endorsed the Stevenson proposal.
Various religious groups, in 1957, urged test cessation. In February of 1957, the
Council of the Federation of American Scientists reccommended that the Administration
should seck worldwide cessation of nuclear weapons tests without making this contin-
gent on achieving more far-reaching goals in arms limitations. Even in Congress, in
1957, there were proposals for halting tests, at least temporarily, to alleviate the
problem of fallout. Surprisingly, one such proposal came from Chet Holifield, Chair-
man of the Special Subcommittee on Radiation of the Joint Committee on Atomic Energy.
In November of 1957, Hubert Humphrey, then Chairman of the Subcommittee on Dis-
armament of the Senate Committee on Foreign Relations, suggested to President Eisen-
hower that the United States should declare its willingness to negotiate separately a
ban on nuclear weapons tests for a two-year period, with the only condition being "
agreement on an effective inspection system, with United Nations supervision, to
ensure that the ban was being scrupulously observed.®* Thus, the pressures were high
on Eisenhower in late 1957 to make some move on the cessation of tests.

“U.S. Congress, Senate Committes on Foreign Relations, Subcommittes on Disarmament Controland Reduction of
Armaments, Final Report, 85th Congress, Second Section, 1958, page 34.
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The "Security Resources Panel of the Office of Dcfc.nsc Mobiliz'ation Science
Advisory Committee,” or more briefly, the Gaither Commmcc,_ cstabhs'hc.d by the
National Security Council in April of 1957 to focus .on the question of civil defense,
concluded that the Soviet gross national product (GNP) was increasing at a much
faster rate than ours and that the Soviets were spending about the same as the -U.S.
on their armed forces and heavy industry, even though our GNP was about three times
that of the US.S.R. The U.S. had further concluded that the Soviets had a large
nuclear stockpile, advanced missile technology, and .a potential for launching a
devastating missile attack on the US. by late 1959. The committee commented on the
relative vulnerability of the U.S. civilian population and the U.S. nuclear of fensive
force (our so-called deterrent). Accompanying these gloomy conclusions were recom-
mendations. for substantial measures to implement a civil defense program and to
vastly improve many aspects of our military offensive and defensive forf:cs. The
strong pessimism of the Gaither Report may have mainly reflected an imprcssxog of the
Russian superiority in missiles at this time, coupled with the large devices they had
tested. The U.S. also had a large nuclear capability, presumably even larger “than
that of the USS.R., but mainly aircraft-carried. Perhaps the biggest justification
for this report’s tonc was simply that for the first time in our history, we were
clearly susceptible in our homeland to being attacked by a foreign nation.

President Eisenhower was not stampeded by the grim picture and far-reaching
recommendations of the Gaither Report. Drawing on views of the overall situation
from many other .sources and advisors, he concluded that our overall military strength
was still distinctly superior to that of the Communists, but he clearly saw the need
for vigilance and careful study. -

Up to this time, Eisenhower and Dulles had relied almost exclusively on AEC
Chairman Lewis Strauss for guidance on the technical side of the nuclear weapons and
nuclear test ban considerations. Strauss had long been a strong proponent of main-
taining the U.S.s superiority in thesec arcas and dealing very skeptically with the
Russian proposals. With the Gaither Report in hand, it is quite understandable that
the President would have sought to have another strong scientific voice as an advisor
to address fields other than nuclear weapons, i.c., missiles, civil defense, etc.
Thus, he formed a new position on his staff, that of Special Assistant for Science
and Technology. The first appointee was Dr. James R. Killian, President of MIT, who
was appointed in November 1957, ostensibly as a reaction to the Soviets’ Sputnik
launch and the need to look at the nation’s overall scientific effort. Concurrently,
Eisenhower clevated the status of the Science Advisory Committee of the Office of
Defense Mobilization, renamed it the President’s Science Advisory Committee (PSAC),
-and brought it under White House auspices as an advisory group chaired by Killian:

Thus, 1958 began with a3 new, strong scientific voice in high government circles,
with a great deal of pressure, both within the U.S. and without (from the U.N,
Russians, and others) to work on a specific test ban agreement, and with strong
pressures caused by the Gaither Report and Sputnik launch to take very seriously the
question of the U.S. defense and technological ‘status vis-a-vis the Russians. Eisen-
hower, in his autobiography, observed in restrospect that:

It was now becoming apparent that both East and West needed acommon understanding of the scientific technica~
lities involved before the possibilities of a comprehensive, regulated test ban could be intelligently dis-
cussed.® '

*It does not seem to have been apparent to the Russians.
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Consistent with the Russian trend of the last. several years, and reflecting the
- Russian worries about proliferation, Premier Bulganin had proposed in a letter of
December 10, 1957, to Eisenhower that the nuclear powers agree to stop nuclear weapon
testing as of January 1, 1958, for a period of two to three years, and had stated his
willingness to meet with Eisenhower and discuss this and other nuclear weapon control
subjects. Operation Hardtack was well along in planning by this time. Eisenhower
did not answer immediately, but did write to Nehru on December 15, 1957, that he
could not. agree to stop testing as an isolated step without assurance that other
measures to scttle the problems of limitations on nuclear weapon production, surprise
attack, etc., would follow. However, he did answer directly on Januvary 12, 1958,
‘'stating that he could not attend a summit conference on the subject without adequate
preparatory work, and reiterating the carlier (Selwyn Lloyd) suggestion of a meeting
of East and West technical experts to discuss the feasibility of test ban controls.

With this in mind, and with the further worry, expressed by Dulles at an NSC
meeting in early January, that the U.N. would soon adopt a resolution condemning
further testing, Eisenhower, at Killian’s suggestion, requested that Killian appoint
a special panel to consider the effect of a nuclear test ban on American and Soviet
weapons development programs, and to what extent cvasions of such a ban could be
detected. Killian moved quickly in the appointment of what became known as the Bethe
Panel, after its chairman, Hans Bethe of Cornell. Other members were Harold Brown,
Herbert York, Carson Mark, Roderick Spence, Doyle Northrup, Herbert Scoville, Jr,
Major General Richard Coiner, Brigadier General Alfred Starbird, Herbert Loper, and
Colonel Lester Woodward. This group constituted a reasonable cross section of the
intelligence community, the weapons laboratories, and the Department of Defense. The
Panel was to report to the President’s Science Advisory Committee. Over the next
couple of months, the Panel coliected and considered the available information (some
to be used by the American contingent at the later conference of experts) and appar-
ently* concluded that continued testing into the indefinite future could only close
the gap between the USS.R. and the US. in nuclear weapon technology, and that the
offsetting gains to be expected by the US. from further testing were minimal. The
PSAC considered the Bethe Panel findings and concluded that Hardtack should be fin-

- ished, but that them we could risk a test ban with mutual mspcctxon and so recom-
mended to Eisenhower.

The pressure to consider a test ban separatcly from other disarmament measures
increased when Harold Stassen, who had just resigned as the President's Special
Assistant for Disarmament, testified on Fcbruary 28, 1958, to Senator Humphrey's
Subcommittee on Disarmament that a separate test ban agreement would help break the
spiral of the arms race, might lead to other steps of arms control and disarmament,
and could be easily policed.

Another apparent gain in world opinion went to the Russians when, having just
finished an extensive test series, they announced on March 31, 1958, that they had
unilaterally discontinued the testing of nuclear weapons in the Soviet Union, and
called on other nations to follow their lead. (The U.S. was just about to begin
Operation Hardtack in the Pacific.) They pointed out that they would feel free to
resume testing if other nations did so. Eisenhower, in a press conference on April
2, called the move a "gimmick™ that should not be taken scriously, but Khrushchev,
who had just taken over from Bulganin, reiterated the appeal in a personal letter to
Eiscnhower of April 4, 1958.

The Senate Committee on Foreign Relations queried, by mail, some 42
senior American scismologists, geophysicists, and geologists in April concerning the

*H. Jacobson and E. Stein, Diplomats. Scientists. and Politicians, psge 46.
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problems of the detection of underground cxplosior.\s. They rccc_ivcd 31 rcplnc;.
There was no concensus on the feasibility of detection of clandestine undergroun
cxplog?sz;ho'wcr answered Khrushchev on April 8, with essentially no cl:Aansc in his
position, and on April 22, Khrushchev stated that it would be impossible for the
experts to contribute to the problem of disarmament unless an agreement between
governments had been reached. By now, apparently the Bethe Panc[ finding had sunk in
a little deeper, and Eisenhower, without further consultation with the AEF or De-
partment of Defense, wrote to Khrushchev on April 28, 1958, that the AUmtcd.Statcs‘
policy was changing, repeated his suggestion of a meeting of c_xpc.rts,'but in the
context of an agreement to stop testing, and added *Studies ol: this. kmd.arc,thc
necessary preliminaries to putting political decisions actually /into effect. That
is, he proposed the technical meetings on the feasibility of monitoring a test ban as
a prelude to opening political negotiations if such monitoring appeared reasonable. '

Catching the US. unprepared, Khrushchev, on May 9, 1958, agreed to the meeting
of the experts, but made his view clear that control was really no problem, that the
experts’ meeting was unnecessary, and that he regarded this as another move on.thc
part of the US. to delay the cessation of testing. (By now, the US. was well into
Operation Hardtack.)

Further correspondence during May 1958 established the date of July 1 for the
conference to start. It would be in Geneva at Russian insistence rather than New
York as proposed by Eisenhower. The USS.R. insisted that agreement there would
automatically commit the governments to a test cessation; the U.S. disagreed. There
would be two sets of specialists, one of representatives of the US. UK., France,
and Canada, and the other of representatives of the U.S.S.R., Czechoslovakia, Poland,
and Rumania. Thus, the USS.R. managed to get the discussion separate from the
U.N, and achieved parity of representation, which they felt they could not get in
the United Nations. : ' :

During June 1958, there was a wild scramble to assemble all data that might be
needed by the U.S. experts. An appreciable amount of information was declassified
for such use. (But the AEC gave Captain John H. Morse, a Headquarters representative
at the conference, the authority to declassify on the spot if necessary.)

After discussion among the four Western nations, the Western declegates were
announced on June 20. Dr. James Fisk, a member of PSAC, was the Western chairman of
the delegation. Other members were Robert Bacher, also a member of PSAC, E. O.
Lawrence, Sir John Cockroft, Sir William Penney, Professor Yves Rocard, and Dr.
Ormand Solandt. Advisors to the Western delegation inciluded Hans Bethe (Cornell),
"Harold Brown (Livermore), Perry Byerly (University of California), Norman Haskel (Air
Force, Cambridge), Spurgeon Keeny (Killian's office), J. Carson Mark (Los Alamos),
Doyle Northrup (AFOAT-1)*, Herbert Scoville, Jr. (Consultant, PSAC), Anthony
Turkevich (University of Chicago), Donald Morris (State), Ronald Spiers (State), and
Thomas Larson (State). The AEC. and Edward Teller were kept informed by telephonc.

The Eastern panel consisted of Yevgeni K. Fedorov, Academy of Sciences of the
USS.R.; N. N. Scmenov, Academician; 1. Ye Tamm, Academician; M. A. Sadovsky,
Acadcmy of Scicnces of the USS.R.; O. 1. Leypunsky, Professor of Physical-Mathema-
tical Sciences; 1. P. Pasechnik, Academy of Sciences, US.S.R.; Semen K. Tsarapkin,
Colliegium of the Soviet Ministry of Foreign Affairs; and other scientists f{rom
Czechosiovakia, Poland, and Rumania.  Thus, the Eastern pancl included 2 scnior
diplomat, Tsarapkin, a discipline not represented on the Western side.

~

*Air Force Office for Atomnic Energy.
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The Western delegation had available to it the experimental information col-
lected in the past on the sound signals expected at great distances (or microbaro-
graphic signals) from nuclear detonations, clectromagnetic phenomena, and a great
deal of knowledge on the optical outputs of nuclear weapons fired at normal alti-
tudes. Further, they were aware of the troposphcnc disturbances from such detona-
tions and AFOAT-1 had a great deal of experience in -collecting airborne radioactive
samples at appreciable distances as well as interpreting the resultant data. Seismic
signals at teleseismic distances had been observed from high-yield detonations in the
Pacific, but more pertinently from the NTS®* Rainier underground shot. However,
identification of underground shots was uncertain, Also, there was essentially no’
information on high-altitude detection, the highest detonation to this time being a
small-yield shot at about 37,000 feet. There was no information available on deep
space shots. Some underwater detonations had been observed. There was, however,
appreciable theoretical information on all of these areas, some of which had been
worked out specifically to prepare for the Bethe Panel report carlier in the year and
expanded in preparation for the Experts Conference.

It is not clear what information the Russians had available to them when the
conference began. Clearly, they had made observations close-in on normal atmospheric
detonations but, to our knowledge, had not conducted any underground, underwater, or
high-altitude detonations up to this time. They clearly had the same competence as
we to carry out calculations to predict what would happen with shots in these other
environments, but it.is not known how many of these calculations they had already
worked out when the conference began.

The British had available to them at the beginning of the conference the same
information that we did, essentially as a result of our coordination with them on
these subjects, and they also had some mformatnon they collected themselves from
their tests in Australia and Christmas Island.

The conference convened as scheduled.®*® The Wcstcrn side was clearly concerned
with the possibilities of evasion and had discussed at home a number of those possi-
bilities. During the initial parts of the conference, the Americans tended to pre-
sent thecories and data, with the Russians listening and making comments. A great
deal of the debate and the discussion was between the various Western delegates. The
Russians cxpressed apparent surprisc at some of the theoretical concepts which the
West wished to introduce. In fact, -one could get the impression that the Russians
had not secriously considered a number of the aspects of clandestine testing that we
brought up and wished to discuss in detail. Even though this was not a political
meeting, there was sometimes the impression that it was hard for the Soviets to see
why we wanted to discuss these technical subjects at all since it was clear that one
could simply stop testing and detect evasions very easily.*** The conference rather
rapidly reached agreement on circumstances surrounding detection and ‘identification
of atmospheric tests, underwater tests, and high-altitude tests. In retrospect, it
appears that perhaps underground testing was treated as the only serious medium for
clandestine testing, neglecting altitudes above 50 kilometers, which the conferees
knew they were not addressing in sufficient detail. The bulk of the discussion
addressed the possibilities and situations with respect to underground test detection
and some discussion of possibilities of test. evasion. The system of detection

*NTS--Nevada Test Site, the later term used for the Nevada Proving Ground (NPG), established in 1951.

**On July 2, DeGaulls announced that the French would not agree to a test ban without other measures of disarmament.
This does not seem to have affected the course of the discussion. |

***Spurgeon Keeny--private communication.
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stations eventually endorsed, it was felt, would allow detections and idcntxf:c.at.lon
down to a few kilotons. The network of posts eventually agreed upon was a British-
suggested compromisec between U.S. and Soviet extremes. The detection stations WOI:Ild
number some 160-170 land based plus about 10 on ships, with the land spacing being
from 1,000-1,700 kilometers based on secismicity, and the spacing in ocean arcas from
. 2,000-3,500 kilometers. The 110 posts on the continents would include 24 in North
America, 6 in Europe, 37 in Asia, and the rest on the other continents: the other 60
land-based posts would be on 6 large and small oceanic islands. : .

Whereas the conferees discussed and formulated their findings on methods of
detection at altitudes greater than 30-50 kilometers, the system dc;cribcd for test
detection did not include coverage of that region.

On-site inspection was not treated in depth. Statements werc made that teams
could be sent to investigate a suspicious event, that perhaps 20-100 carthqugkcs a
year would be indistinguishable from deep underground events at about 5-kilotons
yield, but no clear-cut number of inspections was suggested. _

The American team clearly felt the need of more data on secismic signals from
underground detonations, and believed that further "proof tests” would be required.
However, Chairman Fisk felt that this subject would “"scare off" the Russian scien-
tists, so it was never raised during the conference. 4

Nevertheless, the conference issued a communique on August 21, 1958, including
the statement, "The conference reached the conclusion that it is technically feasible
to set up, with certain capabilities and limitations, @ workable and effective con-
trol system for the detection of violations of a possible agreement on the cessation
of nuclear weapons tests.”

The conclusions of the conference were published by the State Department on
August 30 and stated that methods of test detection available at that time made it
possible to detect and identify nuclear explosions down to somewhere between 1 kt and
5 kt underwater, underground, or in the atmosphere up to perhaps 10 km, and that
detonations of the same yield would probably be detected but not always identified up
to perhaps 50 km. The conference gave its findings on the methods of detecting
nuclear explosions at altitudes greater than 50 km, but did not describe specific
means for such detection and identification. The methods to be used for detection
and identification included the collecting of samples of radioactive debris; re-
cording of seismic, acoustic, and hydroacoustic waves; recording of eclectromagnetic
waves; and on-site inspections of identified events which could be suspected of being
nuclear explosions. They outlined a workable control system including appreciable
development of equipment, operational considerations, data analysis, staffing, and
control posts. The conference report mentioned several clandestine circumstances
that might make detection or identification very difficult. They concluded . the
following:

However, the conference considers that, whatever the precautionary messures adopted by a violator, he could not
be guaranteed against exposure, particularly if account is taken of the carrying out of inspection at the site of
the suspected explosion.

In retrospect, it seems that a major cause of uncertainty was that there was no
agreement in the US. as to what yield constituted a "significant” test. The experts
clearly recognized that they were really discussing a4 threshold situation, that bombs
below some yiecld could probably be detonated without detection (although there is
always a chance of getting caught). However, what that significant threshold is has

e
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not yet (1979) becen agreed upon in the US.* Clearly, the value dctcrmi.ncs the
number of detection stations required and .the estimate of possible inspections re-
quired. It seems possible that the differences that showed up between East and West
during the Conference of Experts, and become so serious in the next few years, cou_ld
have come about by a genuine difference in judgment on this point, due to the dif-
ferent weapon design and deployment philosophies. _

During mid-1958, a group to assist the President in  consideration of these _
matters, eventually to be called the "Committee of Principals,” had gradually come
into existence. During this period, it consisted of the Secretary of State (John
Foster Dulles), the Secretary of Defense (Neil H. McElroy), the Director of the le_t\
(Allen W. Dulles), the Chairman of the AEC (John A. McCone, who replaced Lewis
Strauss in July 1958), the Special Assistant to the President for Science and Techno-
logy (James R. Killian, Jr.), an ex officio member, and the Special Affairs (Gen.
Robert Cutler). Sessions were occasionally attended by George V. Allen, Director of
the U. S. Information Agency.

Having some forewarning, the Committee of Principals discussed moves now neces-
sary as a result of the conclusions of the Committee of Experts. It seémed necessary
to enter test ban mnegotiations (perhaps to call the USS.R.’s "bluff”), although
McElroy and McCone felt that a treaty was not in the best interests of the US.
Furthermore, Dulles wanted to stop testing at the beginning of negotiations, while
AEC and Defense argued that this should only come about when the treaty came into
force.

The result was that Eisenhower announced on August 22, 1958, that the United
States was prepared to enter into test ban negotiations beginning October 31, 1958,
and was prepared to suspend nuclear weapons testing for one year after the beginning
of negotiations, with that suspension to be extended year by year dcpending upon the
operation of the control and inspection system, and upon the progress in arms control
measures. Limiting the moratorium to one year was apparently a sop to the AEC and
DOD. The British issued an almost simultaneous statement.

Chet Holifield (Representative) immediately stated that the inclusion of the aim
for further arms control was "susceptible of different interpretations” and that if
it were maintained, he had “little hope for the completion of a nuclear testing
agreement.” His was a voice in the wilderness. -

Now it was up to the Russians, and on August 29, 1958, Khrushchev came through
with a signal of the future. The Russians were still "observing” their self-imposed
moratorium, while the U.S. was testing vigorously. Khrushchev objected, in an inter-
view with Pravda, that the US. was still avoiding an immediate discontinuance -of
nuclear tests, that the conditions for progress on disarmament were unrealistic since
the lack of progress .was the fault of the West, and that a one-year moratorium was
just the time needed to prepare for another test series. Nevertheless, the next day
the Russians formally agreed to begin negotiations on October 31, 1958, in Geneva.

Using the continued Western tests as an excuse, Russia resumed testing on Scp-
tember 20, 1958. '

The purpose of the negotiations continued to be argued in September and October,

-with no agreement being reached. During this time, at the thirteenth General Assem-
bly of the U.N., the Russians continued to try to separate "test ban” from “other
measures of disarmament” with little success. '

*In 1978, the Department of Energy testified that it could not indefinitely certify the present stockpile without
continued testing and that the Soviets could test at that level for any foreseeable verification

eapability.
"R )
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In spite of these uncertsinties, time went by, as time will, and the nuclear
test moratorium went into effect for the United states at midnight, October 30, 1958,

Pacific Standard Time. :

The Devices

The developments of the gun device (Little Boy or  Thin Man) and the Christy®
implosion device (Fat Man) during the years 1943 through 1945 have received detailed
historical comment and need not be discussed here. Suffice it to say that the
problem was early-on recognized as one in which a sufficient mass of active material
had to be assembled in short enough time that any neutron background present would
have a low probability of starting a chain reaction and developing enough ¢nergy to
prevent the assembly of the device. Thus, either fairly large masses of active
material could be assembled slowly if one could be sure there was no appreciable
neutron background, or smaller masses of active material could be assembled more
rapidly. It was preferable to compress the material if possible, but this then had
to be done in a comparatively short time if there was any appreciable neutron back-
ground. Furthermore, the criticality achieved had to be such that the nuclear reac-
tion would then take place in a short time compared to the hydrodynamic times in-
volved in disassembly. The pre-Trinity effort (1943, 1944, and half of 1945) devised
two devices satisfying these conditions. One was the gun device, which was eventu-
ally used on Hiroshima. = It was simply the linear assembly in a gun barrel, using a
small amount of gun powder as a propellant, of a large X r t f
uranium enriched i -

i n July of 1945 such a device had been construcfcdwusing a large
fracnqn of .the nation’s separated U-235. There was no real question about its
operation if there was no basic error in the whole philosophy of rapid fission chain
reactions. That point could be tested with a spherical assembly. The gun device
drop weapon weighed 8,900 pounds. : . ’

The other method, that of rapid assembly of the fuel by implosion with high

.explosive, first became practical in the so-called Christy device, or "Fat Man."

“After a concept of Robert F. Christy of Los Alamos Theoratical Division.
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While the initial concepts among the senior originating people of the Manhattan
District at that time (Lawrence, Fermi, Oppenheimer, et al) were of a fission bomb,
it was recognized at the same time that a thermonuclear bomb might also be practical.
However, it was clear that to start the burning of a thermonuclear bomb would require
temperatures and pressures greater than could be achieved by existing techniques,
and, furthermore, the appropriate cross sections and arithmetical methods were not
available to make reliable calculations on the problem.* So while one path was
clearly feasible in the light of the physical knowledge available at that time, the
other was very questionable. The path of the fission reaction was taken. However,
during that time, an appreciable amount of theoretical calculation was done on possi-
ble thermonuclear assemblies and burn systems, and an appreciable amount of labora-
tory work was done in the measurement of the appropriate cross sections for thermo-
nuclear reactions.

After the massive exodus from Los Alamos, in late 1945, of the senior Jaboratory
pecople and the revitalization under N.E. Bradbury, the designers and Laboratory
experimenters began to follow up some of these concepts.

Lighter-weight devices were desired by the military in order that other planes than
the B-29s could be used for delivery systems and, of course, a variation in yields
would also offer more flexibility to the military. The Navy was strongly interested
in devices for their specific applications.

No new concepts were tested on Crossroads (1946), since that was purely a Navy
effects test series using two stockpile "Christy" devices. Sandstone, in 1948, after
a gap of some three years since Trinity, saw the investigation

*It appears that the Germans put some effort on the thermonuclear concept, perhaps not realising that only the fission
bomb could produce the starting conditions necessary for sustained thermonuclear burn.

— ———
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” .
,3), Even though the Christy device had worked at Trinity, weapon design theory was
nPhan quite primitive compared to the understanding we have today. Thus, some further time
was spent in the years between Trinity and Sandstone developing a better theoretical
" basis for weapons calculations. The computer capability was very small compared to
today, so the time required, even for a primitive weapon design calculation, was
great.
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®Ed. note: LLL was renamed the Lawrence Livermors National Laboratory in 1980-1981.
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Weapons Test Operations

By the time of the Test Moratorium in 1958, several nations had tested nuclear
weapons. The testing methods varied appreciably, both between nations, and, over
that period of time, for United States tests. This section will attempt to outline,
briefly, that history up to the moratorium, giving the methods of testing, why those
methods werc used, and what it was we were trying to accomplish. '

The first nuclear weapons test in history by any nation took place in July of
1945, close to Alamogordo, New Mexico. The purpose of the test was to determine
whether a spherical assembly system, developed at Los Alamos over the previous couple
of vears, would actually produce a significant chain reaction that would result in
appreciable explosive energy. The device was the so-called Fat Man,

D o.E
5use 2t

¢ uncertainty in whet crL .

or not was sulliciently great that it was felt worthwhile to
usc a large fraction of the nation’s separated plutonium to test the dcvice, rather
than immediately using it in warfare.
' Initial estimates of the phenomena td be expected led the Laboratory to fire the
device on a tower in order to reduce the fallout and to allow somewhat better obser-
vation of the visible phenomena than would have been feasible had it been fired
directly on the ground. Estimates had bcen made by members of the Laboratory as to
the, phenomena to be expected, that is, blast pressure as a function of distance.
light intensities, gamma-ray intensities, neutron intcnsities, etc.  Trinity was the

*1t is the author's memory that at the last Staff Member Meeting before the Trinity shot the various senior members of
the Laboratory gave their estimates as to what the yield might be expected to be. The highest number the tuthor remembers
hearing was 7 kilotons. .
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most highly instrumented shot for output phenomenology that the United States was to
fire for a large number of years. In restrospect, the measurements having to do with
the effects of the detonation were probably appreciably more complete and advanced
than those measurements having to do with the detailed working of the device itself.
Presumably, this shot could have been fired as an airdrop, but obviously, the de-
tailed measurements required would not have been feasible. The device went at some
20 kilotons, much to the pleasure of the designers. The effects, in particular
fallout, were sufficiently noticeable to show that testing in that manner, in a
region as highly populated as southern New Mexico, should be regarded with a jaun-
diced eye in the future.

It is perhaps worthy of note that early plans called for detonation of the
Trinity device in a large, cylindrical container, called Jumbo. If the shot were to
fail, it was supposed that this would allow recovery of the plutonium. However,
after realization of the small likelihood of containment, and the difficulty of
recovering the plutonium, which would be mixed with all the. other bomb debris, the
plan was abandoned. In a sense then, the first test planned by the United States
would have been a contained clandestine test in the event of failure. :

The Hiroshima and Nagasaki detonations (August 5 and 9, 1945, Greenwich time,
respectively) hardly fit into the category of this history since they were not tests
but were wartime attacks on a foreign nation. However, from the academic point of
view of methods of testing, it is notable that these were airdrops and that there was
a small amount of primitive instrumentation to determinec that at least the weapons
- performed. The B-29 drop aircraft was accompanied to the target by two other B-29s,
one with some instrumentation on board and the other to take photographs. The Los
Alamos scientists did not feel it necessary to test the gun weapon used at Hiroshima
(Little Boy) before its combat use since the Trinity test of the implosion device
(Fat Man) offered some guarantee of the correctness of the calculations and the
detonation mechanism was more predictable. In essence, if the Fat Man went all right
(as it did at Trinity), the Little Boy was bound to.

The next United States nuclear weapons tests, Crossroads, in 1946, were really
not tests of the nuclear weapons, but tests of the effects of nuclear detonations on
ships, specifically on ships in harbors. Hence, the site chosen was chosen for the
effects purposes and had nothing to do with weapons diagnostics. Crossroads saw the
detonation of two more Christy devices, essentially idemtical to the Trinity and
Nagasaki shots. The weapons diagnostics were therefore designed to show any dif-
ferences between the Trinity shot and the Crossroads shot. On Crossroads Able: fire:
ball measurements were made from land-based cameras, which presumably would allow
comparison of the fireball expansion with the Trinity shot. A measurement of neutron
flux as a function of distance was made in order to compare with similar measurements
at Trinity. On Crossroads Baker only a measurement of the high explosive transit
time was made. Radiochemical analysis was made of the debris on both shots.

The first peace time airdrop of a nuclear weapon was Crossroads Able at Bikini
Atoll. The measurements suffered from two problems. First of all, the timing of the
detonation vs. the measurement timing was off by a number of seconds and caused
certain data to be lost and, perhaps more importantly, the detonation took place
about 700 yards from the planned zero point which caused certain instrumentation to
be mislocated as to field of view and distance from burst. However, the variety and
quantity of instruments made these problems not so serious as they might have been.
The second Crossroads test, Baker, a detonation 90 feet below the water surface,
provided much useful data on an underwater burst and its effects on various types of
ships at varying distances. The shots generally showed that Navy vessels were quite
resistant to nuclear blast, but the danger from the radioactive water was demon-
strated to be quite impressive and was a serious problem to ships.

(ol ol o} o § auly of
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Thus,_thc first new nuclear weapon device test following Trinity came with the
Sandstone series at Eniwetok® in 1948.  The long period of time from Trinity to
Sandstonc probably reflected the uncertainty in this country as to the wisdom of
further weapon development and certainly reflected the trauma at Los Alamos following
the war, during which a large proportion of the senior staff left the Laboratory.

At that time, 1947-1948, therc was not yet serious consideration of a pcrmancnt
proving ground, so Eniwetok was picked on a one-shot basis for Sandstone. It was
still not thought feasible to fire nuclear weapons in the continental United States
and the Crossroads operation had made the testing organization familiar with atoll
operation. Thus, since Sandstone was intended to be largely a ship-based operation,
Eniwetok was chosen because of the comparatively good transportation through Kwaja-

* lcin, the fact that it already had an airstrip and a number of facilities that could
be used, and was under the control of the United States. It was necessary. to remove

*Ed. note: The currently favored spelling is Enewatak, but the editors have elected to preserve the author’s lpellmz.
which was the officially recognized spelling during the years of atmospheric testing.
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the Eniwctok natives. At that time, the natives had great faith in the wisdom of the
United States rcpresentatives and, furthermore, had no recourse ‘except to accede to
the appropriate suggestions. (We had already moved the Bikini natives off in order
to conduct the Crossroads operation.)

The use of short towers, a la Trinity, allowed similar diagnostic measurements
‘to be made; the methods of diagnostics were now better understood and were advanced
over those of Trinity. (See section on Diagnostics.) In addition to the measure-
mcnts made by the test organization to diagnose the performance -of the devices as
well as making certain measurements of the outputs of the devices, there were effects
measurements rnadc mainly by military project teams. (See section on Effects Experi-
ments.)

Operation Sandstone led to the concept of the development of Eniwetok as a
proving ground, and was the serious beginning of the education of the crews of people
who would then conduct fireball measurements, radiochemical measurements, and reac-
tion rate measurements over the next ten years. As such, it began the training of
those people who eventually established our readiness capability during the morato-
rium. Sandstone was, .however, a simple operation from the point of view of the
diagnostics required, the weapon principles being tested, and the operational prob-
lems involved, as compared with later operations. The shots were sufficiently small
that the fallout was no serious problem except locally; however, the yields were
large enough (49, 18, 36 kt) that firing those shots in the continental United States
was thought at that time to be unwise.

] Operation Greenhouse, in the early part of 1951, was, with the possible excep-
tion of Trinity, the most far-reaching and complex diagnostic operation in the period
before the moratorium. In retrospecct, it was probably the low computer capability as
compared with today and perhaps the lack of the sense of urgency nationally that led
to the comparativcly long period between Sandstone and Greenhouse. At that time, at
Los Alamos, there was a general feeling that a series of a few shots every two vears
probably adequately matched the design and postshot analysis capability of the Labo-
ratory. Furthermore, the design and construction of the diagnostic systems, espe-
cially for George shot, was very time consuming.

L7 THIE L D‘ s
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lanning and construction and procurement were
‘well along for Operation Greenhouse, the need for accurate yield predictions for
Greenhouse led to the decision to launch a series of nuclear experiments on . the
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design of the fission weapons to be used on Greenhouse, since that design now in-
volved theory that went far beyond any past experimentation and, thus, there was some
serious question as to the accuracy of the calculations.

Thus, it became necessary to mount a "quick and dirtv" operation. called Rangers.
to test these principles,
There was no way in the short period of time 5 ygc §¢3
in the

available to construct the proper facilities overseas to test these devices (5)[’)
manner that had been become normal, that is, firing on short towers with fairly 2,
complex instrumentation. Since the device to be ‘tested was in the stockpile stage CyY. 3
with respect to high explosive and there was now enough experience in diagnostic D.6.E
techniques, it became clear an airdrop operation could produce the diagnostic results 0 E
necessary. There was also now enough understanding of fallout to be able to predict

that if the devices were fired at sufficient altitude, and the yield kept low enough,

the fallout would be at sufficiently low levels that the operations could be safely
conducted in the continental United States. A quick survey of possible sites in the

United States led to the choice of a portion of the Air Force Gunnery Range, north-

west of Las Vegas, known as Frenchman Flat. In short order, a zero point was chosen

at Frenchman Flat and an alpha station designed and constructed. Alpha, the exponen-

tial rate of growth of the nuclear reaction, was measured using ion chambers on the

ground close to the alpha station. The airdrop target was a cross of lights placed.
appropriately within the alpha detector array to allow the best coverage. Fireball

cameras for yield measurements were placed at a quickly constructed control point,

some seven miles away from the zero point, and on a nearby hilltop. Radiochemical

Figure 2.
Ranger control building--Frenchman Flat--Nevada Test Site. Note the shoring
found necessary after the first shot to keep the building from collapsing. :
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sample collector planes were based at Indian Springs. The administrative portion of

the operation was kept in Las Vegas, some 70 miles away. ' )
Thus, within a period of some eleven days (January 27 to. February 6, 1951), five

g’drops were made, allowjng .the data.to e coected - thatfigd -to-the- proper deci--

-sions for the Greenhouse devices.. Thestime from conception of Operation Ranger to
‘completion was approximately two months and the total operational cost to the AEC was

some $3-1/2 million. : )

Thus, the combination of Operations Ranger and Greenhouse in late 1950 and early
1951 saw the beginnings of the thermonuclear burn weapon and the diagnostic tech-
niques that went with it, the beginning of high-temperature x-ray measurements, the
further development of reaction history techniques, and the proving of the opera-
tional concept of airdrops for experimental devices that was to be used so much in
Nevada in later operations. These operations also tested the ingenuity of, and
contributed strongly to the training of, those people who were to carry on in the
later 1950s and establish the capability that carried us through the moratorium.
Greenhouse also saw the first strong participation of UCRL in the weapons test
programs. That Laboratory had, of course, contributed during the war years to all of
the facets of the effort that later produced the atomic weapon.

The comparative ease and speed of the Ranger operation, combined with the growth
of ideas for new and smaller devices, and the need for such devices as expressed by
the military, led to the suggestion that a permanent proving ground for small-yield
devices be established in Nevada. The experience of Ranger, in which the alpha
blockhouse had been practically buried by fluffed-up dirt around the target area, led
to the design of a more permanent installation in Yucca Flat. The firing site was
moved from Frenchman Flat to Yucca Flat to get further away from the Las Vegas-
Tonopah highway and from the new service town, Mercury. Time for planning also
allowed the introduction of many more measurements, mostly output or effects measure-
ments. Thus, the Buster-Jangle operation of the fall of 1951 in Nevada saw the.
continued development of the methods of conducting an airdrop operation against a
fixed ground target. Fireball measurements became more sophisticated, especially
with the introduction in 1952 of "Rapatronic” cameras, which took microsecond expo-
sure pictures at predetermined times after the initial explosion. Radiochemical
sampling and analysis methods were further improved. The growing Department of
Defense need for effects data led to the Jangle surface and underground detonations
for effects measurements. '

The establishment of the Nevada Proving Ground in 1951 thus allowed a change in
testing philosophy. Small devices (up to approximately 60 kt) would be fired in
Ncvada with the resultant saving in effort and money over the comparatively massive

- Pacific operations, and the Pacific would be used for tests of those devices that

could not be safely fired in Nevada. There were, of course, exceptions to the latter
part of this philosophy. A number of small shots were fired in the Pacific in later
operations, because the sponsoring Laboratory did not feel it wise to wait for the
next Nevada operation. With certain exceptions, a pattern grew of an operation once
a year (1952-1958) alternating between the Pacifi

¢ pléasant state of aftfairs tn which the United States had “"the bomb" to
itself had ended in 1949, when the Russians tested their first device. While the
concept of a thermonuclear device had been extant almost from the beginning of the
Manhattan District project, work tended to concentrate on the fission device. The
critical decision to accelerate the development of the thermonuclear weapon had been
made by President Truman at the end of January 1950 under various political pressures
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Soviets.

including the strong desire of some to take another quantum step past the

c firsPTull-scale tnermonuclear shot was of the Mike device of Operation lvy
on the island of Elugelab on the first day of November-1952 (Eniwetok time). Since
the yield was expected to be large, new operational techniques were introduced. Most
importantly, the firing control was aboard ship and the entire atoll was cvacqatcd
for the detonation. A month or so before the detonation, Edward Teller estimated
that there was a remote chance that the yield might be as much as 100 megatons. The
recognition of the possible effects of such a large yield led to the early calcula-
tions on the possible production of tsunamis (long wavelength ocean waves) and the
need to take precautions in case they were produced. (Measurable tsunami waves were
observed in Hawaii for most megaton-range Eniwetok Proving Ground shots, and this
effect entered seriously into the safety considerations for the 1962 Pacific apera-
tion.) The expected yield of Mike also led to the requirement for higher-altitude
wind predictions and soundings than previously nceded, and the accompanying fallout
predictions. (Mike was fired on the planned date, October 31 (CONUS time), which
turned out to be the only day for about a month on each side that had adequate firing
winds.) ) ) .

. The need to observe the phenomena of thermonuclear device functioning led to a
new generation of experiment design on Ivy (which was expanded in Castle). In
addition to observing the functioning of the primary in the normal manner, massive
experiments were performed 'to observe

The techniques for
obscrving the outputs (gamma rays, ncutrons, light, etc.) were also refined. It is
interesting to note that after the shot, the yield was uncertain for some time. The
fireball measurements were suspect (in some circles) since this was the first large
device [ired on the ground’s surface. The radiochemical resuits indicated a very low
yield (1-2 Mt) initially because of the large natural background of uranium in the
crater material. The first moderately correct number (10 Mt) came from the observa-
tion of the late-time gamma-ray intensity, . . '

Mike also added to the postshot experience of the task force personnel. The
water wave and blast effects were noted and furnished a better basis for preshot
planning in later operations. One omission was, however, to have a serious effect
later. The fallout from Mike apparently went into a region that was not well instru-
mented and, hence, no good fallout observations were made at appreciable distances.
AEC Headquarters, and in particular Merrill Eisenbud of the Health and Safety Office
of the Biology and Medicine Division, had set up their own fallout-monitoring projcct
to try to locate the fallout throughout the Pacific at various distances from the
explosion. Although Eisenbud’s organization flew extensive missions for three days
after the event with various types of cquipment, he reported their efforts to be’
largely unsuccessful in that they never found the main body of the fallout. "Whether
it all shot into the stratosphere or not is one of the mysteries of the nuclear
age."*
vy

(1952) also saw the detonation of King (540 kt),

1t was fired as an

*Earl H. Voas, Nuclear Ambush, Henry Regnery Co., 1963, pages 33 and 3.
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airdrop over Runit and added little to the testing capability except to show that
such large yields could be safely airdropped. Curiously, history points out that t.he
Russians got a propaganda advantage with the first airdrop of a thermonuclear deynce
in 1955, but it is interesting that the U.S. had the first airdrop of a very high-
yield (megaton range) device with the King test in 1952.

: The next operation after Buster-Jangle, Tumbler-Snapper, in the spring of 1952
in Nevada, saw the rapid growth of Nevada testing techniques that were then. to ]ast.
with only one major exception (airdrops), through the period before the moratorium.
The experience of Ranger and Buster had quickly shown that while there was a strong
advantage operationally and ecconomically in airdrops, there were also a couple of
serious disadvantages. The device to be tested had to be constructed to withstand
the accelerations experienced during an airdrop and, hence, had to be much closer to
the final stockpile construction than would be necessary to simply carry out an
experiment. Furthermore, because of the uncertain position of burst owing to the
- inherent inaccuracies in bombing, it was not feasible to do detailed experiments on
the operation of the device and specifically not feasible to do close-in -measure-
ments.* Thus, for Tumbler-Snapper, some half of the shots were placed on towers
which then allowed detailed measurements of radiation flow, case operation, etc. The
tower shots were operationally more difficult to fire because of the increased por-
tion of the radioactivity to be expected in close-in fallout. The tower shots
allowed more precise planning and positioning of the instruments and equipments now
being fielded by AFSWP,** as a result of the increased interest in effects on the
part of the Department of Defense. Thus tanks, jeeps, and pigs, as a function of
distance, became a common sight in Nevada. Similarly, as a result of the recognition
that we no longer had the sole offensive nuclear force in the world, the question of
civil defense was taken up seriously for several years and these experiments in
Nevada allowed the responsible organization (Federal Civil Defense Agency) to gain
appreciable experience in understanding the effects of nuclear detonations on housing
and buildings. ‘ - ,

The loss of data due to the inherent inaccuracy in airdrops led to considera-
tions of still other methods of testing in Nevada that would have some of the aspects
of cheapness that the airdrops had. Also, there should be the advantage of a compa-
ratively small amount of local fallout that would not require the great field efforts
inherent in tower shots. Thus, Sandia, in conjunction with the two weapons design
laboratories, developed the capability of lifting the experimental devices by
tethered balloon. This method of emplacement replaced the airdrop system beginning
with the Plumbbob operation in 1957 and continuing through Hardtack Phase 11 in 1958.
The balloon system was eminently satisfactory in that it kept the fallout to a
minimum, allowed some close-in alpha measurements, was fairly inexpensive, and
allowed effects experiments from devices going off at almost militarily optimum
~altitudes. That method also allowed the gear around the device to be placed in a
comparatively haphazard fashion, hence reducing the effort required of the bomb
packaging peoplc. .

The large crater produced by Mike shot in Operation Ivy made it obvious that the
Marshall Islands could not support a long scries of high-yicld shots fired in that
manner, with the inevitable destruction of Marshallese homelands. Thus, the Castle
operation in the Marshall - Islands in 1954 saw the beginning.of a testing technique
that was to last through the rest of the operations at the Eniwetok Proving Ground.

*Except for some telematry.
**Armed Forces Special Weapons Project.
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In that operation many shots were fired on large barges which a!l?wcd moderate
instrumentation, some careful pointing, and hard wire timing and fmqg,_ but which
would not produce large craters to do away with the land area, and in some‘c,a_scs
would allow reuse, either in that operation or another, of the recording facilities.
The barges could be positioned with sufficient accuracy so that collimated systems on
shore, in conjunction with appropriate shielding on the barge, allowed observation of
specific portions of the device. . .

The shots of Operation Castle were designed to produce an emergency capability
for the United States since the Russians -had just tested their .first thermonuclear
device and, by now, clearly had fission devices in stockpile. The shots were almost
all large-yield thermonuclear devices that, in general, produced yields somewhat
different than those expected. The Bravo shot, specifically, went to 15 or 16
megatons, as opposed to the predicted 6 megatons and produced fallout that extended
to Rongelap and Utirik, where there were native populations, and to Rongerik, where a
Task Force weather station was sited. It was probably this large population exposure
to radiation, in combination with other things, that led to the beginning of the real
pressure to stop atmospheric testing. Castle also saw the reopening of Bikini as a
test site. This came about in order to increase the number of acceptable firing days
from the point of view of weather and also to give sufficient land surface for
further shots to be fired in fixed positions on the land. Again, UCRL contributed
heavily to the diagnostics performed on Castle, in addition to firing the first
Pacific shot of their own. ‘ ) :

At Castle, a hard wire timing and firing system was recinstituted. Hard wire
distribution systems were placed around the major portions of both atolls and firing
was done from the shore-based control stations. In the case of Eniwetok, the control
station was on Parry, and it was on Enyu for Bikini. After the Bravo shot in Opera-
tion Castle, it was necessary to go back to a ship-based operation at Bikini because
the atoll was too radioactive for safe occupation. However, the shots were still
fired from the timing station on Enyu. : <

Operation Redwing in 1956 and Hardtack Phase I in 1958 at the Eniwetok Proving
Ground were then conducted in essentially the same fashion as Castle, as far as
development shots were concerned. The diagnostic techniques were refined and changed
during that period, but the general philosophy of the method of testing and placement
remained the same with minor variations. During Redwing and Hardtack, the  Atomic
Energy Commission, specifically Libby, insisted that we put an appreciable amount of
silica sand in the barges in hopes that such sand would increase the concentration of
local fallout and, hence, remove some of the hazards from long-range fallout. He
also hoped that more of the strontium would appear as the insoluble silicate, hence
reducing the problem of ingestion of long-range fallout. Evidence indicates that
this had no particular effect. In a similar vein, during Operation Hardtack, Oak was
moved from comparatively deep mooring at Bikini Atoll to a position on the reef at
Eniwetok Atoll in order to increase even further the proportion of solids in the
radioactive cloud, and to change the strontium compounds formed. '

Over this period of time, some shots were fired by other methods, largely for
Department of Defense effects purposes. The Navy continued its investigation of the
effects on ships of underwater detonations, conducting in 1955 the Wigwam shot at a
point in deep water 600 miles off -the California coast and continuing variations of
that during Hardtack Phase I, with shots in the lagoon or just out of the lagoon at
the Eniwetok Proving Ground. The ecarly interest in the effects of high-altitude
shots is shown by the HA shot in Teapot in June of 1955, a 3-kt airdrop detonated at
36,620 feet; and the Yucca shot in Hardtack Phase 1, a-balloon-loftcd detona-

tion at 86,000 feet. | susc. ss2(b)@®@)
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Figure 3.
Typical "balloon cab." The device is under the sign "Live Pit."
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More significant, however, from a testing viewpoint, were the Teak and Orange
shots of Operation Hardtack in 1958 and the Argus shots. _Tcak and pra{lgc were
conceptually initiated by the AFSWP (and the Air Force) during the period in which
the US. was considering the Nike-Zeus system as the early ABM system. It was
realized that essentially nothing was known about the effects of large-yield, high-
altitude detonations. These two shots were originally planned as roughly
detonations to take place at approximately 250,000 feet and 125,000 feet (76 and 38
km) and to be fired above Bikini. However, safety studies conducted during the early
part of the Hardtack Phase 1 operation showed that there was appreciable hazard of
eyeburn to the Marshallese natives if those detonations took place there. Therefore,
jate in the Hardtack Phase I operation, the shots were moved to Johnston Island. The
launch pad for the Redstone missile was put in and they were detonated at high
altitude over Johnston Island two months after the decision to move. This was the
beginning of the use of that atoll as a Iaunch site for high-altitude detonations.

Early in 1958, Nick Christofilos of LRL realized that there was a possibility of
electrons from high-altitude detonations being trapped in the earth’s magnetic field
and oscillating back and forth along the field lines, thus artifically producing a
shell or shells of high electron densities over much of the earth. Such a phenomenon’
might have useful military applications. In order to test this theory quickly before
the test moratorium went into effect, the Department of Defense arranged the very
secret Argus series, which was conducted by a Naval task force (Task Force 88) in
August and September of 1958 in the South Atlantic. This resulted in three 1.7-kt
detonations at altitudes ranging from about 100 to just over 400 nautical miles. The

SRR Figure 4,
Operation Castle device being lowered into place on a barge.
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devices were carried aloft from a surface ship by a Lockheed X-17a thrce-stage
rocket, making these the only ship-launched, high-altitude, rocketborne nuclear
dctonations that the US. has ever -performed. In addition to observations and mea-
surcmcnts made from land, ships, and aircraft, instruments carried by sounding roc-
kets and one of the first U.S. ecarth satellites (Explorer 1V) provided useful Argus
data.

During the period of 1956-1958, the concept of do'rng nuclear weapon testing
underground received more and more attention, especially by Edward Teller, as a
possible solution to some of the test ban debates. Firing underground would presum-
ably allow continued weapons testing without the concomitant fallout problem thar
was, in some circles, regarded as one of the major difficulties with nuclear weapons
testing, or conversely, one of the major reasons for stopping such testing. Thus, in
1957, the Livermore Laboratory conducted the 1.8-kt Rainicr shot in a tunnel 500 feect
below Rainier Mesa at the Nevada Test Site to investigate the conditions of contain-
ment of underground shots. Containment of that detonation was a success, with no-
tunnel venting. Livermore also conducted, during Hardtack Phase II, four other
tunnel shots with moderate success. These shots were fired in tunnels mined into the
Rainier Mesa. Over the same period of time, Los Alamos had conducted a couple of -
very small-yield safety shots in vertical drill holes in Yucca Flat.

ose two shots were stemmed by a concrete plug
(precast) just above the device on the bottom of the hole and another very small plug
at the top of the hole. From their carly underground detonations, Livermore appar-
ently learned that the tunmel was convenient, instrumentation could be placed at
various angles around the device, the device could be worked on in place, and the
stemming did not seem to be awfully difficult. Los Alamos seems to have learned that
drilling holes was cheaper than mining, but that stemming could be a serious problem.
Yet another type of nuclear test operation requiring deployment to the field was
initiated and continued through these years. Such tests came to.be known as one-
point or safety tests. The first of thesc was donme at the NTS at the beginning of
.. November 1955. Three tests at this time and a fourth in January of 1956 were all
given the title "56 Project—-NTS" A test organization was set up with the AEC Test
Manager at NTS having overall responsibility and the tests being carried out by a
LASL team headed by their own test director, since these were LASL devices. The
different devices containing their normal high explosive WiNINGGEGGGGE wcrc
detonated at a single point by a standard detonator properly situated GNENGGGGG—E
Further, to ensure a "worst case” situation, the nuclear fuel quantity was
at least as great as the maximum that would occur in production. A neutron source
provided neutrons sufficient to assure initiation of a reaction
The objective was to demonstrate that each of
the devices was “safe” for this mode of detonation, lecading to a nuclear reaction no
greater than the equivalent of a few pounds of high explosive. These tests did
.demonstrate the "one-point safety” of three different LASL devices.
Now that the one-point safety tests became a normal part of the various test
series, the next question of weapons safety, that of plutonium contamination, came to
the fore. The health hazard from inhalation of plutonium (an alpha emitter) is quite

*) shake = 10™° seconds.
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serious and the possibility of exposure to this from the various stages of handlu-xg
of weapons containing plutonium had to be thoroughly cvaluated. “Thxs resulted in
giving Sandia Corporation the responsibility for the "TG 57 program” to pcrforr-n tests
and measurements to further understand the plutonium scattering and qontammauop
characteristics. Thus, a plutonium weapon was ‘single-point detonated_ in late April
1957 and, through numerous means, Sandia and their support contractors gagned. further
understanding of the patterns of plutonium scattering, fixation, decontamination, and
other data. , ' )

Several other single-point safety tests were carried out by LASL and Livermore,
respectively, in "Project 58--NTS" and "Project 58A--NTS" in late l9§7 and . early
1958. - Other safety tests were incorporated in larger series of various weapons
.tests.

During the last part of Hardtack Phase II in Nevada, when the test organization
was frantic for emplacement positions and was firing several devices a day, a few
devices were being detonated in so-called "Gravel Gerties.” These were simply small
buildings on the surface of the ground with a great amount of dirt piled over them as
emplacement positions for very small-yield safety shots, the concept being that the
-dirt would scavenge the radioactive material and bring it down very close to the zero
point and thus prevent off-site fallout. This apparently did help to some extent.

Thus, by late 1958, at the beginning of the moratorium, the test organization
had learned to test bombs using a number of different placement methods: airdrops,
balloons, towers, barges, and surface shots; and had developed what seemed to it the
best methods of so doing, consistent with the characteristics of the test sites it
was using. It also had some experience with rocket launching of devices.

some capability for underground testing, but had not pursued

The test organi- S USCSE:

O]

p
that technique far enough to be confident of either the economics or the containment Ex.3
features, or far enough to be confident that all of the necessary diagnostics could D o.E;

be done in a satisfactory fashion. It had conducted a fair number of underwater
shots for Navy purposes and was moderately confident of those methods. It could not
claim to really understand fallout, but had models to predict the fallout pattern
sufficient for operational purposes and knew what kind of weather information was
"needed. However, it is again to be pointed out that practically all of this ex-
perience had to do with surface shots and tower shots. The cloud formation from a
venting underground shot is obviously a somewhat different beast. Most importantly,
the test organization had by then a great deal of experience in the safety precau-
tions to be taken when nuclear detonations are to take place and had a cadre of
people experienced in this field.

Table II lists the operations of 1945 through 1958. The “operational period”
normally began about a month before the first planned shot date and ended perhaps a
week after the last detonation. .

AEC Device Diagnostic Standard Measurements

* As time went on in the period of 1946 to 1958, the device designs produced by
Los Alamos and Livermore grew in complexity, sizes decreased so the time constants
changed and, hence, the requirement for more and more detailed diagnostics grew. We
will, in this section, comment mainly on the type of basic diagnostics that had to be
performed in the carly period after the moratorium to make it useful to fire the
- shots at all. We will also comment to a certain extent on the more complex measure-
ments that had been developed during the period of 1946 to 1958, simply to illustrate
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*The Hiroshimas and Nagasaki deton
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. TABLE 11
NUCLEAR WEAPON TEST OPERATIONS?
Operation Dates Location
- Trinity 7/16/45 Alamogordo, New Mexico .
Crossroads 6/30-7/7/46 Bikini Atoll, Marshall Islands
‘Sandstone 4/14-5/14/48 Eniwetok Atoll, Marshall Islands
Ranger 1/27-2/6/51 Nevada Test Site
Greenhouse 4/7-5/24/51 Eniwetok Atoll, Marshall Islands
Buster-Jangle 10/22-11/29/51 Nevada Test Site
Tumbler-Snapper 4/1-6/5/52 Nevada Test Site
Ivy 10/31-11/15/52 Eniwetok Atoll, Marshall Islands
Upshot-Knothole 3/17-6/4/53 Nevada Test Site
Castle ' 2/28-5/13/54 Eniwetok Proving Ground
Teapot 2/18-5/15/55 Nevada Test Site
Wigwam 4/14/55 29° N, 126°W
Project 56 11/1/55-1/18/56 Nevada Test Site Ny
Redwing 5/4-7/21/56 Eniwetok Proving Ground
Project 57 - 4/27/57 Nevada Test Site
Plumbbob 5/28-10/7/57 Nevada Test Site
. Project 58—~NTS 12/6-9/57 Nevada Test Site
Project 58A--NTS 2/22-3/14/58 Nevada Test Site
Hardtack Phase I 4/28-8712/58 Eniwetok Proving Ground and Johnston Island
Argus 8/27-9/6/58 South Atlantic
9/19-10/31/58

Nevada Test Site

stions of World War Il were August 8§ and August 9, 1045, respectively (Grn_nwich

the Kinds of things we could not immediately do in 1961 as a result of our very quick
return to testing with very little preparation, and perhaps more pertinently, very
little experience with the new techniques of testing required.

For the normal fission device with no boosting and no secondary, in the very
carly years of testing, two quantities were of prime importance. The first of these
was the energy release, or "yield,” of the device, which was directly related to the
efficiency of burn of the fissionable material. In the early years, specifically
around the time of Trinity, Crossroads, and Sandstone, the experimenters let their
imagination run riot to imagine experiments that would give them a handle on the
yield. At Trinity, a number of esoteric measurements were made. Fermi estimated the
yield of the bomb by simply observing the motion of some scraps of paper he dropped
from his hand as the blast wave went by. He had calculated the duration of the
positive phase with respect to yield, and by simply observing the time it took for
the wind to reverse and knowing his distance from the bomb, he could make an estimate
of the yield. Measurements of the various outputs were made at Trinity in order to
get a handle on the same subject. The neutron flux in various energy regions was
mecasured. The gamma ray output, the integral of the total light, and the light curve
were all measured, but without previous experience they could not be particularly
. trusted as a measurement. They did all establish the range of yield. That is, the
experiments could probably determine without much question, with the possible excep-
tion of the gamma curve, which was misunderstood, that the yicld was somewhere
between 10 and 30 kilotons, but they could not pinpoint it.

D 5 s
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Radiochemistry/Sampling

The primary method of measuring yield used at 'I_'r.inity and depended upox: more
than any other method clear through the 1958 pcno_d, is that normally called .radm-
chemistry." In principle, the concept was very stra:ghtforward: After detonation, a
portion of the condensed, particulate debris from'thc detonation was collected and
taken to the laboratory. In the laboratory, chemistry was used to Scparate 'out of
the debris not only the active material that had been used, such as plutonium or
uranium, but also certain representative: radioactive fission fragments. An obscrva;
tion of the amounts of both of thosec materials in one sample then allowed a determi-
nation of what proportion of the active material had burned. Knowing that and the
amount of active material in the bomb, it was possible to then calculate the cnergy
release based on laboratory measurements of the energy developed by one fission.‘ In
practice, the system was not quite as simple as this. In the uranium-type devices,
there could be some contamination from the uranium in the ground. There was not
always uniform mixing in the cloud. There is some small uncertainty as to the energy
release per fission, since it is dependent not omly on the isotope, but on the energy
of the neutron producing the fission. The advent of the thermonuclear bomb increased
the complexity of the knowledge necessary to properly interpret the results. The
fate of the neutrons produced in the thermonuclear reaction can have a significant
effect on the yield. ‘ .

Samples were collected at Trinity using ground-based air samplers. Samples were
also collected of the fallout, but they were not particularly useful. In normal
atmospheric testing, the general procedure was to wait for some appreciable length of
time (1/2 to 2 hours) until the cloud had mixed (theoretically uniformly) due to its
heat-generated turbulent action so that upon sampling, any sample collected would
presumably be representative of the whole bomb. The assumption of uniform mixing was
not taken on faith. The entire history of the period 1946 through 1958 is onc of
trying to establish that assumption or, where it seemed to be questionable, to find
methods of handling the situation. For example, for most detonations, it was common
to collect samples from several portions of the cloud chosen ahead of time by the ex-
perienced Laboratory representative in charge of sample collection. The samples were
then treated scparately to observe any fractionation that might be present, but were
lumped together to conclude the results of the detonation.

It was also necessary to let the cloud diffuse and "cool” for a similar period

-of time (1/2 to 2 hours) in order that the activity would reduce to levels that made
it acceptable to send manned aircraft into the cloud. Even at that time, it was
quite possible to get into "hot" regions of the cloud or to overstay the appropriate
time to such an extent that unacceptable crew doses would be obtained and, therefore,
it was a necessary function of the scientific controller to watch penectrations with
great care to make sure that no overexposures were experienced. Since on most
aircraft the major dose to the pilot could come from the sample collected cither in
the sampling collectors or in the engines, it was also necessary to prejudge very
carefully how much would be collected in order that the aircraft could return to base
before the pilot was overdosed. Obviously, appropriate aircraft washdown facilities
had to be developed. Several times during this period the sampling tanks had to be
redesigned as new aircraft were devoted to this function. Specifically, it was
necessary to design tanks to fit the operational speed of the aircraft and still
allow the air to pass through the collectors at low enough velocity so the filter
papers could handle it; otherwise, mechanical tearing could result. The filters were .
designed to allow fission particles of all various sizes to be collected with equal
efficiency (isohenticity). The design of such collectors was a very large job per-
formed by external contractors with technical guidanpc from the Laboratory.
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Because of the large operational cost of sampling with aircraft, the large dose
to the pilots, and the usual shortage of aircraft, several attempts were made during
this period to develop quicker or less costly sampling systems. B-17s were converted
into drones and, guided from a mother ship, were ‘used in some of the early overseas
operations (Crossroads and Sandstone). However, they were very hard to control and a
number were lost. They could not reach required altitudes and were very expensive to
operate. During Greenhouse a fairly expensive attempt was made to obtain so-called
*grab samples.” Very large steel devices were constructed, which were placed close
to the base of the tower. These devices were designed so that after the first shock
wave went by and the device was enclosed 'in the fireball, a large valve would close,
trapping an appropriate amount of the active material inside. Presumably then, at a
later time, these "bottles,” some of which resembled gun barrels, could be recovered
and the sample treated. Unfortunately, the valves in general did not work, no
samples were collected, and the method failed. In at least one case the bomb yield
was larger than the "bottles” were designed for, and they were destroyed. At Trini-
ty, the soil around the tower, which contained silica, had meited inside the fireball
and plated out as a glass on the ground. This glassy material contained enough of
the radioactive debris that it was useful as a sample of the bomb. Various attempts
were made at Sandstone and Greenhouse to reproduce this by spreading great numbers of
broken beer bottles and other silica-containing material around the towers. This, in
general, also failed because the materials were blown away. On at least one occa-
sion, it failed because the beer bottles turned out to be plastic. As part of this
same trend of thought, a2 radio-controlled vehicle was obtained for Sandstone to enter
the crater ecarly and recover appreciable amounts of the material around the tower.
Likewise, this method failed because the recovery system did not work very well and
the material at the base of the tower did not contain the required fission debris. A
variation of this system had been used at Trinity, in which 2 manned tank with a
remotely controlled bucket on the front of it had been used. The tank got stuck in
the crater and caused quite a furor.®

An attempt was made to sample the radioactive cloud at Trinity using filters on
B-29s. However, the aircraft did -not operate, so no samples were collected.

At Greenhouse (1951) LASL again tried to collect airborne debris by firing 5-
inch HVAR rockets with sampling heads developed by China Lake from one island across
the shot island to a third island. The rockets were fired a few seconds after
nuclear device detonation, and were in general deflected by the shock wave and lost.
A few were recovered but the samples were not adequate.

Livermore tackled the rocket sampling problem once more in the late 1950s with
the use of small rockets outfitted with a sampler head which was designed .to inter-
cept the cloud, take a sample, and then close and parachute to the earth. The
collecting heads were built to float and, in some cases, built with small beacons and
sea dye so that they could be found in water. This system was tried over several
operations in the Pacific and was a forerunner of the "Cleansweep™ system tried at
Dominic. Since the attempt was to get early samples, these rockets were fired soon:
after the detonation (five or six minutes), and in some of the early attempts encoun-
tered sufficient turbulence in the cloud that they were thrown off course, broken up,
or otherwise not recovered. By the time of the moratorium, the rocket sampling
system was showing considerable promise, but had not.yet been developcd into a
dependable, operational system.

*The tank was driven by Sgt. Bill Smith and carried Herb Anderson and Enrico Fermi.
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The need to obtain samples from the one-point safety tests of Pro;cf:t 56 led _tc}
the design of collectors intended to pick up thc. large Partxclcs of active materia
that might be expected from very low or zero-yield devices. These collcctors con-
sisted of sand-filled wooden boxes, about 4 fect square apd 10 feet long, with the
long axis radial to the bomb. In principle, the heavy particles would enter the sand
and stop. Later "sand sifting” would then reveal the §amplc. The technique worked
when the yield was not appreciably larger than that predicted. _

As development efforts changed from fission bomps to largc. .thcrmonuclcar bombs, |
the pressure grew to obtain a higher-altitude samx_)lmg capability. In the case of
surface and barge shots, this was necessary simply in ordc'r to make surc that repre-
sentative samples were being obtained. In the case of airdrops, the bottom ot: the
cloud might well rise up to the tropopausec or higher -and, hence, reach an altltuflc
that could not be reached by some of the carlier sampler zircraft. A list of air-
craft used and aircraft characteristics versus time is given in Table III. :

: TABLE III ,
AIRCRAFT USED FOR THE COLLECTION OF RADIOCHEMICAL BOMB DEBRIS
SAMPLES FOR AEC LABORATORY USE, PREMORATORIUM

Obperation Date Aircraft
Trinity 1945 None
Crossroads ‘ 1946 _ B-17 Drone, Navy F6F Drone
Sandstone 1948 A B-17 Drones - :
Ranger - 1951 T-33

- Greenhouse 1951 . . " B-17 Drones, F-80 Drones, B-29
Buster-Jangle 1951 T-33, B-29
Tumbler-Snapper - 1952 - F-84, B-29, T-33
Ivy 1952 F-84G, B-29, B-36
Upshot-Knothole 1953 F-84G, B-29, B-36
Castle 1954 B-36, F-84G
Teapot 1955 : F-84G, B-57A (B-50D Controller)
Redwing 1956 ' - B-57B, F-84G
Plumbbob 1957 ' B-57B, F-84G, T-33?

~ 58-NTS 1957-58 B-57B .
Hardtack 1958 B-57B, B-57D

Hardtack 11 : 1958 B-57B

By the beginning of the moratorium, there was available a quite satisfactory
sampling system for normal detonations. The system consisted of the B-57 aircraft in
several configurations, with the appropriately designed sampling apparatus. Over
this period of time, an Air Force organization, first designated AFOAT-]1 and then
AFTAC?®, had been developing aircraft sampling systems for remote detection of foreign
tests. These were first used on the B-29s and later in other aircraft. They even-
tually developed equipment and instrumentation for use on WC-135As at low altitudes
and the U-2 at high altitudes. Their collection systems, however, did not, in

*APTAC--Air Force Technical Applications Center.
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general take sufficiently large samples to be adequate for the detailed analysis re-
quired by the weapons design laboratories, or were limited to long-range bomb cloud
sampling by design. :

The advent of the thermonuclear bomb, with its large energy release from non-
fission fuels, led to the problem of determining the thermonuclear burn. One poss-
ible solution to this problem was to collect and analyze the gaseous products of
fusion. In the mid-1950s, such gas collection systems were designed by Livermore and
AFTAC for use on the sampling aircraft. The samples collected were ‘not of particular
value to bomb diagnostics during that period of time. However, these efforts led to
an eventual capability for collecting and analyzing such samples, postmoratorium, and
have been especially valuable in establishing techniques which are used today with
respect to foreign tests. '

" Over this same period in time, the capability of the radiochemical technique for
weapon diagnostics grew greatly. Initially, the technique was thought of only as the
fission yield measurement derived from the ratio of fission fragment production to
active material in the sample. This simplicity became disturbed very quickly with
the introduction of composite devices that had both uranium-235 and plutonium as
fuels, because of the variable partition of fission between the uranium and plutonium
materials. However, this introduced little more than a complication in the arith-
metic with which the data were treated, although sensitive fission particle analysis
helped. It was also recognized ecarly-on that the energy release per  fission was
dependent upon the energy of the neutron causing the fission.  Correct treatment of
the incident necutron spectrum was required, and was initially based upon calculations
of the neutron energy distribution through the device.

is measurement then prompted a more detailed correction for the energy spectrum in
calculating the yield. Cross calibration between the Los Alamos Scientific Laborato-
ry, AFTAC, the British,
validity of the primar

Since most of the devices contain ordinary uranium, or even depleted uranium,
some fission takes place in that material due to the high-energy end of the neutron
spectrum and, hence, these materials contribute to the energy release of the device.
Correction for this phenomenon was initially made using the theoretical calculations
‘of the neutron distribution. Appreciable difficulty was, however, experienced in the .
carly Eniwetok shots because the natural uranium in the soil mixed with the bomb
uranium in the cloud, making it difficult to determine the amount of bomb uranium in
the sample. In some of the shots, this was overcome by simply putting barrels of a
uranium compound close to the bomb before it was fired. Sufficient uranium of known
quantity was therefore in the cloud to mask the background of the natural uranium.
Later on, some of the tracers mentioned ecarlier were placed in the device uranium to
obviate this problem.
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1ithium is present in fairly' larg:e
amounts in the soil and occan water of the niwetok Provi.ng Ground._ Dc.utcnum 15
present in large amounts in the ocean water. Thus, while it was poss:blc_ in Fhe late
1950s to obtain samples of the gas from the radioactive cloud, it was dxfﬁ'cul‘t to
determine what portion of the bomb was present in that sample and, hct_lcc, dxffxc.ult
to determine what amount of burn products were in the sample. As mentioned carlier,
the radiochemical results on Mike shot, the first large thermonuclear device, were

very uncertain because of factors of this sort. Attempts were made -to solve 'th‘is
and from that

problem by noting the burn of the fissionable materials q .
observation calculating the necutron flux that material was subjected to and in turn

calculating the thermonuclear burn that must have produced the flux.

. 1 oratorium,
The very large neutron fluxes present in the secondaries of thermonuclear de-
vices resulted in a number of the fission products formed being transformed again
because of neutron capture. An understanding of this "burnback"™ phenomenon was
necessary to deduce the correct yield from radiochemical data. This requirement led
to the development of detectors of appreciably different cross sections for neutron
capture to be placed in the active material. The results from these detectors,
combined with intricate arithmetic, usually led to a correction for the burnback in
the samples.

Obviously, during this period, the laboratory techniques for handling radio-
chemical material, for counting and data treatment, including automatic inputs to
computers, etc., were continually improved.

In 1957 and 1958, the weapon design laboratories, especially Livermore, began to
gain experience on the problems of doing radiochemical analysis of the debris from
underground detonations. Several difficulties were apparent. To drill back to the
detonation region and obtain a sample was not only expensive but required the devel-
opment of techniques for drilling and handling the radioactive material without
creating a hazard to the operating personnel. The phenomena of underground cavity
growth, melting, and resolidification were not well understood. There was no as-
surance that the samples obtained would be representative of the whole bomb. In
fact, it was perfectly clear that in some cases, they would not be representative.
This, if properly treated, could be an advantage, but clearly there was a whole new
phenomenology to learn. When a bomb is fired underground, a large fraction. of the
neutrons go out into the dirt around the hole and some of those reflected back in may
cause further burn of the fissionable material.- Methods of either accounting for
this or preventing it, in general, were not developed by the time of the moratorium..
The whole question of how to handle thermonuclear burn appeared even more difficult
under these conditions, but no solution. was attempted before the moratorium. A
little about handling large dirt samples was learned as a result of the few under-
ground tests.

- Fireball Yield
At the time of Trinity, the general equations for the growth of the fireball as
a function of time and of yicld had been worked out for an explosion in a simple gas.

However, the details of shock-wave expansion in air at very high pressures were
uncertain theoretically, and some of the required gas constants of air were not

—RuenerT




58 RETURN TO TESTING

- known. Furthermore, any effects of nuclear and thermal radiation on the ai.r bci'oyc
the shock wave hit it were not understood. Most particularly, the qal«.:ulauons did
not include the effect of the medium, during carly expansion, COﬂS‘Sth_Of bomb
fragments, tower fragments, old high explosive, etc., rather than of pure air. Thus,
in the period of 1945 through 1949, it was thought feasible to scale the yield by
observing the rate of growth of the fireball from one detonation to another, but it
was not considered feasible to determine the absolute value of the yield from this
measurement. In general, it was thought than any characteristic phenomenon in the
expansion, for example, the time of breakaway,® would scale as the yield to the 1/3
power. A rough scaling law for fireball growth as a function of yield at this time,
derived from the simultsangity solution of the equation of motion, was that the yicld
was a constant times d”/t°, where t is the time taken by the f ireball to grow to a
diameter d. The solution applies after the fireball has encompassed a mass of air
large compared to the mass of the bomb. Thus, in determining the yield, an error in
the diameter measurement resulted in five times that error in the yield, and an error
in the time resulted in twice that error in the yield. .

While photographs of the fireball as a function of time had been taken during
Trinity and Crossroads Able, there were problems in later interpretation. The Trini-
ty films were not stored in such a fashion as to make later quantitative measurements
completely reliable. Trinity was essentially a8 ground burst (100 foot tower), but
the energy loss to the ground was small. For Crossroads Able, it was difficult even
to determine the distance from the camera to the detonation. However, these pictures
did allow an initial determination of the constants in the fireball rate of growth
cquations by comparing the results of such arithmetic with the radiochemical yields
determined on Trinity and Crossroads Able. Because of timing signal problems, only
streak camera records came out of Crossroads Able. ‘

In order to conduct the Sandstone operation in 1948, the Los Alamos Laboratory
se¢t up a temporary task group, under Darol Froman, which allowed some appreciable
preplanning and as a result, fireball rate of growth .pictures with moderate time
resolution were taken during Sandstone, largely under the guidance of Lou Fussel,
later of EG&G, and Berlyn Brixner. :

However, in 1949, with the formation of a permanent test division at Los Alamos,
. there began a serious attack, both theoretical and experimental, on this problem.
Fred Reines, who was in charge of the experimental portion of the test division work
under Al Graves, felt very strongly that it should be possible to make fireball
‘measurements into an absolute yield measurement. He, therefore, set up a section
within the division with people such as Fran Porzel and Joe Mullaney to pursue the
theoretical aspects of shockwave expansion under these conditions and of the charac-
teristics of air. They, in turn, sought the aid of other experts, particularly
Hirshfelder and McGee. " At the same time, there was established a relationship with
.the newly formed company Edgerton, Germeshausen, and Grier (EG&G), which was to
expand the capability of detailed fireball measurements, reduce the time uncertainty,
etc., throughout the entire period from 1949 to 1958. Porzel worked long and hard on
the "analytic solution" to fireball growth and shock formation. While his solution
was -in fact semiempirical,** it was useful, both in this field and also in the basic
understanding of blast. phenomenology. .The characteristics of shock formation and
propagation in air at high temperatures, and specifically the constants that go with
that, were studied theoretically and calculated to a much higher accuracy using the

*The separation of the shock front from the fireball.
. **The solution used Fuchs' IBM M problem as & guide.
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wing computer facilities at Los Alamos. The effect of the mass of the bomb and
tg;:re: gr loc:l surroundings was clearly noted in the detailed pictures of Greenhouse
and later operations. A theory to account for this mass was eventually dcyclopcfi and
proven out against the field data. The group in Los Alqmog grew over this Pcnod 50
that by 1958 there were several competent people in this field. In the pcqod from
its formation to 1958, Livermore also contributed to this effort. However, 1n gener-
al, they took the position that the measurements were. well in hand and that their
efforts were better spent on other portions of the diagnostics problem. ‘

The knowledge of fireball growth at very early time . gained from the st‘rcak
camera data taken by both the Naval Rescarch Laboratory (NRL) and LASL, a§sxstcd
appreciably in the understanding of early fireball growth and, hence, all fireball -

rowth.

y EG&G, in their partnership with LASL, over this period of time developed experi-
mental techniques that resulted in excellent fireball pictures. They developed the
*Rapatronic® camera, which allowed single-shot pictures at preestablished times
during fireball growth. Cameras were triggered from the first Teller®* light and,
hence, could take pictures with something like microsecond accuracy; however, only a
few pictures could be taken for any given fireball because each camera only took one
exposure., Standard and controlled development. techniques were established to assist
in determining the edge of the fireball with adequate accuracy and consistency. A
storage system was set up in order that the film could be kept under the proper
humidity and temperature so that later measurements would be significant. New films
were developed with the aid of the manufacturers to better handle the wide ranges of
brightness experienced. A team of film readers had been developed and trained at
EG&G so that there was consistency in the reading of a given film independent of who
read it. The Polaroid process was applied to some cameras to allow early fireball
yield determinations. Camera timing was improved so that the inaccuracies in yield,
because of timing inaccuracies, could be reduced.

By 1958, the field expertise and the theoretical understanding had reached such
a point that the fireball measurement was regarded as "the yield measurement” for
thermonuclear- bombs and there was a running debate as to whether it matched radio-
chemistry for normal fission bombs. .

Thus, in the latter part of 1958, there was a highly trained crew in EG&G for
taking ficld fireball measurements with a great amount of gear such as cameras,
timing systems, etc., for that purpose, and in the Laboratories, a good understanding
of fireball phenomenology and the relationship between fireball growth and the energy
release of the device. Obviously, this well-established technique for determining
vield, and specifically the prime technique for determining the yield of thermo-

~nuclear devices, could not be used underground. .

The Reaction History
Alpha

Early-on, the term reaction history usually referred simply to the measurement

“of the exponent in the cquation I = I_ e*! where I, could be taken as the flux of

neutrons at a given point in the bomb or gamma rays exterpal to the bomb. The
equation could also be written as an integral such as N = No f teat dt, where N could

*See later section on Alpha.
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be the neutron flux in the bomb, N, the initial flux which might be established by
the natural background or by an artificial source, and t the time from the beginning
of the nuclear reaction. However, in the period of 1945 to 1958, other phenomena
were introduced and the term reaction history was used to cover the measurement of

all of these quantities. I
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The point of the early reaction hnsxory
or, as commonly called, alpha mcasurcmcnt. was to determine the rate of increase of

the population of necutrons in the device, both resulting from fission and causing
further fission, and hence check the “criticality® calculations. Since the ncutrons
were not immediately available for observation (they were inside the device), and
furthermore since they do not travel at the speed of light, by the time they get
outside the device, there is some time smearing in the detection of the neutron flux,
which depends upon the neutron spectrum. Obviously, the time smearing did not matter
as long as the spectrum of necutrons in the device remained constant and alpha was
sensibly constant. However, we were not sure of such constancy. There were other
"~ difficulties mitigating against the use of neutrons and some which even caused prob-

the cable carrying an electrical
signal from a detector could short out very quickly after the detector received the

gamma ray signal. Since the necutrons traveled at a speed appreciably less than the
velocity of light, the cable taking an electrical signal from a neutron detector
could be shorted from the high-intensity gamma flux before the neutrons could reach
the detector. There were several more difficulties recognized before Trinity by the
people involved with this measurement, mainly Bruno Rossi and Bob Wilson. The signal
was so fast that the recording equipment of the time would possibly not write. The
problem of oscilloscope presentation was difficult. When presented in a normal
fashion with a linear sweep and the signal vertical, the signal would sweep off the
scope before an appropriate measurement could be made. A beam intensifier had to be
used to increase the writing speed, but that implied turning on the intensifier at

|
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just the right time, and the vacuum tube circuits in those days were not reliable
enough to guarantec the time delay. A self-triggering system had to be developed
since the observation would only take a microsecond or less on -any given oscillo-
scope, but this was occurring 100 microseconds or more after detonation of the high
explosive. Since the time between high-explosive dectonation and criticality was
uncertain by more than a microsecond, the scopes could not be triggered by the high-
explosive signal. The yield of the bomb was expected to be such that a. recording
station had to be placed an appreciable distance from the bomb, some 1,000 to 2,000
yards, and, hence, the attenuation of the transmission cable then available would be
extremely high for signals of the expected rise time. Because of the philosophical
difference between a pure exponential and a sine wave, and because of the lack of
clearly appropriate exponential signal generators it was not even clear the cable
attenuation could be measured or calculated ahead of time. Because of the very rapid
growth of gamma-ray intensity, it was clear that unless an extremely fast cable was
used and, furthermore, was radial to the bomb, the cable would be shorted before the
signal from the detector could get to the recorder. This fact then governed the
required output of a detector and made it clear that many amperes of current were
 necessary. From these criteria, Rossi designed a system involving an jon chamber
some six feet long and six inches in diameter as a detector, and transmission cable
that was three-inch diameter copper coax, ome-inch diameter inner conductor, air
dielectric, that was run on catenaries from the tower cab to the ground and then
buried in trenches the rest of its way to the recording station. He made a loop some
300 feet in length of this three-inch coax just outside the station to be able to tap
off the beginning of the loop to operate the scope intensifiers and then let the
signal go the extra 300 feet before being presented on the scope so that the intensi-
fiers . would have time to work. He furthermore originated the "Rossi Presentation,”
which involved a constantly oscillating sine wave with appropriate frequency (190
megacycles/sec) on the vertical plates of an oscilloscope anrd the signal on the
horizontal plates. Thus, no matter how fast the signal, there should be an initial
portion that, by the very characteristic of an exponential, moves slowly enough for a
few cycles of the oscillator to be presented. Rossi’'s system worked on Trinity and
prodgced a trace (See Figure 5) that was very fuzzy but, nevertheless, did show the
reaction rate such that it could be measured with a probable error of approximately
10 percent. (N su.sc S5
DO
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2 Figure 5. -
Ros§i presentation from Trinity. The ionization chamber output signal is oriented
vertically and the fixed frequency oscillator sweeps horizontally in the figure. The
three arrows mark the extrema for one cycle -of the oscillator. The value of alpha is
computed from the signal amplitudes at the extrema relative to an arbitréry baseline.
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In parallel with this effort, Bob Wilson developed a unique prcscn.tation system
that consisted of a charge collection box built into the face of gn_oscnlloscppc. By
allowing a sweep only in the horizontal direction, starting to onc side of his charge
collection box, he could arrange a geometry in which the charge collected on the box
was related directly to alpha. Unfortunately, because oscilloscopes tcpd to change
their characteristics with time, this method required that a calibration signal be
measured approximately minus one second from the detonation. At Tnmty,. the cali-
bration system failed to operate so only the real measurement was made. Since there
was no calibration, it could be interpreted only from calibrations taken many hours
before. The result he obtaineduas correct, but he could §U.SC.§
not state the uncertainties. Therefore, in later operations, the designers of new (b)lg)
systems followed on from the Rossi system rather than the Wilson system. With the
exception of a small amount of work by Clarence Jones during Teapot, to the best of Ex.j
my knowledge, no one pursued Wilson’s ingenious path after that. , . e

For Sandstone in 1948 Los Alamos set up a temporary division to conduct the -DQ .
technical portions of the operations. The Laboratory requésted  and accepted the
assistance of competent outside laboratories and, on the subject of reaction history,
specifically that of NRL under Wayne Hall and Ernic Krause and of EG&G. Technical
liaison and direction on this subject was in the hands of the author and Gus Linen-
berger. The successful measurement on Trinity having been the Rossi measurement, it
was decided to follow that path and make what improvements could be made. No person-
nel were left in the Laboratory after the great exodus of 1946 who had been deeply
involved in the Trinity measurements. The immediate path was to discuss the subject
again with Rossi. Those discussions, plus Los Alamos and NRL thoughts on the sub-
ject, did not lead to any deep further understanding immediately. NRL could and did
make improvements on the oscilloscopes available at that time and produced higher
writing speed oscilloscopes. However, no significant advance in the understanding of
cable transmission was achieved. Therefore, the basic Sandstone alpha measurements
were essentially a repeat of those made at Trinity. Fortunately, two of the Trinity
detectors were still on hand and from those, plus drawings, 2 new stable of identical
detectors could be made. The same coaxial system was used that Rossi had on Trinity,
that is, three-inch coax, buried after the catenary, some seven feet deep in the
coral sand. Also the delay loop and turning philosophy was the same as Rossi had
used. The only real difference between Rossi's measurements on Trinity and those
conducted on Sandstone was the number of detectors, cables, and oscilloscopes. = Suf-
ficient detectors to cover the entire expected range that was detectable were used.
The measurements, under the excellent direction of Wayne Hall and especially Ernic
Krause, were successf{ul.

However, the large expense and effort involved in this led to a suggestion: of
another technique by Edward Tellerr Edward made the comparatively straightforward
observation that gamma rays passing through air produce secondary electrons. Those
clectrons excite atoms and molecules and those atoms and molecules, in falling back
to the ground state, produce light. Since all of the processes followed the initial
exponential, and exponentials of the same value added together produced the same
exponential, it was obvious that observation of the rate of growth of the light
intensity at very early stages gives alpha. Again, it was assumed that the gamma-ray
intensity followed the necutron intensity properly. Both Edward and the experimenters
to carry this out, namely the author and EG&G, went through the appropriate arith-
metic and calculated that the light intensity would be observable. Edgerton, Germes-
hausen, and Grier were given the job of actually conducting the measurement. The
field effort was fairly straightforward. Both photocells and photomultipliers,
specifically 930 photocells and 931A  photomultipliers, would be used at the focus
point of five-foot mirrors, salvaged from Army arc light searchlights, and placed
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several miles fram the detonation as detectors. The signals from these detectl ere
ectroni

limited to comparatively small currents so it was necessary tq use some c I
trickery to drive the then existing oscilloscopes. Both amplifiers ar}d very hx'gh
impedance circuitry were used. At the same time that EG&G was developing the equip-
ment to make the measurement, the workers at Los Alamos set out to measure 1n the
Laboratory the actual conversion efficiency from gamma rays to lig?n. In .ordcr to do
this they used photomultiplier detectors in a steady-state experiment involving a
contained air volume in a black enclosure and gamma rays from the vl',a'boratory's
approximately 10,000-curie radiolanthanum source. If the conversion eff:c:cnc); was
as calculated, the observation should be straightforward. Basically, one simply
varied the air pressure in the container and observed the light output. The output
should vary with the air pressure, and any background effects could be separated by
observing the light intensity with no air in the container. - Unfortunately, the

results of this laboratory experiment showed that the conversion efficiency was

something of the order of a factor of 1,000 less than the arithmetic had indicated.
A meeting just before the field teams disappeared to the Pacific again illustrated
Teller’s magnificent physical intuition. After a number of hours of argument, Edward
simply observed that we the experimenters were ready to make the measurement and were
on the way to the field, so why not make it anyway. So they did. The field measure-
ments indicated that the light curve did follow alpha within the observational range.
They also showed that a growth rate of higher than one-half generation per shake
could not be measured -with 931As, but higher alphas were obtainable with the 930
photocells. Later on, the answer to the initial dilemma became clear. While the
conversion efficiency from gamma rays to light was a factor of 1,000 down from the
initial calculations, the conversion efficiency from neutrons to gammas in the bomb
and, hence, the gamma ray output at a given neutron level in the bomb, was a factor
of 1,000 more than the calculations had indicated. Thus, the light intensity ob-
served was very close to that shown in the initial arithmetic. ‘

Sandstone also saw the beginning of seriaus studies of the electromagnetic pulse
produced by a nuclear detonation. That pulse caused great trouble in normal observa-
tions because it was picked up on signal cables, etc., and distorted the signal that
was intended to be measured. The observation of this phenomenon, of course, led to a
later method of observing alpha. The existence of such a signal had been predicted
by Fermi and noted by Bob Wilson on Trinity.

The establishment of a permanent test division at Los Alamos, J-Division, in
1949, with the appropriate people to study the problem, plus the recognition that

Thus, the NRL group (under Krause) and EG&G, with
appropriate funding, developed new high writing-speed oscilloscopes, including the .
traveling wave oscilloscope, that were eventually to reach writing speeds as high as
the velocity of light. They developed very high-power, fast amplifiers in order to
look at lower levels in the alpha signal. They studied, but did not particularly
improve, cable propagation and they developed new detectors.

o do this, NRL and EG&G, in conjunction with Earl Fullman of the
I » developed photocell-phosphor combinations with high sensitivity and short
integrating times. The photocells were especially built photocells some three inches
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in diameter and 10 inches long, which in practice were then enclosed by a phosphor,
on the order of two-inches thick, which was initially naphthalene, but .latcr. some qf
the liquid phosphors. Because of the conmservatism of the Los Alamos contingent, 1t
was necessary to use both the photocell systems and the old ion chamber systems until
we had determined that the photocells actually would give the same results where
appropriate. An initial check was run by Bob Patten on Ranger. The qho.toccll-‘
phosphor combination had received some impetus during Sandstone from a variation on
the Teller alpha measurements, in which large, flat plates of naphthalene were put up
close to the bomb and the light from those plates observed using 930 photocells with
an appropriate mirror focusing system at some distance from the bomb.

The basic techniques developed for Greenhouse for the measurement of alpha
became the standard techniques through the period 1951 through 1958 with comparative-
ly minor variations. New photocells were developed for slightly faster response.
Oscilloscope research continued and produced ever more satisfactory oscilloscopes.
Trigger circuits were developed that allowed shorter delay loops and perhaps most
important, the understanding of cable construction and transmission grew so that it
eventually became possible to use somewhat smaller cable (7/8-inch diameter) by
correcting for attenuation at the high frequencies.

.The sudden necessity to conduct the Ranger operation around Christmas of 1950 .
and early 1951, before the Greenhouse operation, led to an unexpected, but in the
long run, quite profitable variation of the use of the alpha system--the alpha
measurements being under the guidance of R. B. Patten.. This was the first time since
Trinity that LASL had conducted, in the ficld, all of its own alpha measurcments.
The basic gear that had been developed for Greenhouse was used along with some old
Sandstone equipment. Specifically, the ion chambers developed by Rossi, which were
to be used again at Greenhouse, were used as detectors. Since the bombs were to be
detonated at something like 1,000 to 1,500 feet, it was recognized that only late-
time measurements were possible, but, since these bombs presumably had a constant
alpha, that was satisfactory. A single blockhouse was constructed that would contain
some 25 to 30 oscilloscopes and four sets of detectors were placed at the ends of a
cross centered on the recording building on the order of 500 feet out from the
building. Delay loops were wound and installed inside the building. The whole array
then became the target for the bomber. It was the philosophy that if he missed the
building, he would hit moderately close to one of the detector systems at the end of
~one of the arms of the cross. This system worked adequately with comparatively minor
. problems from a technical point of view® and led to the use of similar systems for
airdrop and balloon shots at the Nevada Tést Site during later operations.

*However, there weresericusoperational problems. Theshock wavefromthedetonation hittingthe ground caused the ground
to fluff so that eventually there was soft sand of the order of eight fest.desp around the building through which it was almost
impossible to walk and vehicular traffic was not possible. In between shots, it was necassary for the peaople to get into the
building, which had a long entrance tunnel, and they had to go through this fluff which was, of course, quite radioactive
because of activation from the neutron flux from the devices. They had to pass through this radioactive region and into the
shelter of the building quite rapidly to check out and reset their system. Getfting to the detectors became most difficult
because of the radioactivity. As the operation went on at approximately one shot per day, the detsctors were gradually de-
stroyed and for the last shot could not be replaced without overdosing personnel appreciably. To solve this problem, the field
team at Frenchman Flat, namely Jack Clark and Bill Ogls, simply moved the lighted target array to the onesat of detectors that
was still operating properly, in order to increase the probability of getting & signal. Since the bombers were bombing on the .
lighted array, it did not occur to the field team that anyone else could possibly care about this movement, so no notice was
given to the Air Force or the Test Manager and Scientific Advisor, whofor Ranger were in Las Vegas. The last bomb, Ranger F,
was dropped successfully and the alpha messuremnents were achieved successfully. However, some three days after that shot, the
reporters, in & normal press briefing, inquired of Al Graves, who was the Scientific Advisor, as to whether the target had been
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" The attempts to. bring Teller alpha into the status of a dependable measurement
were continued in Greenhouse to a certain extent but with no real brc‘akthroughs. lt’
did not seem that one could make the photomultipliers respopd at higher rates than an
‘alpha of perhaps one generation per shake. The use of ordinary p!:otocclls to observe
fast alphas, such as those expected with boosts, did not seem feasible because of the
requirement for very fast amplifiers, which were not yet available. .Howc'v,er, EG&G,
Wayne Hall at NRL, and groups at Los Alamos continued to work on this subject.

he alpha measurements were therefore solely Teller light mea- SuscSS2
sure " cd by Lee Aamodt, using 930 photocells and five-foot dishes to (6)(3)
collect the light. The mecasurements were adequate and successful. Between 1954 and ‘-'8‘035
1958, there were continued efforts on the development of Teller alpha. However, in o e B
that period, physically smaller single-stage devices were developed.

It was recognized that the light signal, which was far :
down the chain from the necutrons, would not follow the ncutron intenmsity in the Cb)@)
device with high accuracy and our capability of calculating back from the light I
intensity to the necutron density involved so many steps that it could not be done
accurately. Therefore, the measurement was not considered a principal diagnostic D.b.F.
measurement up through 1958. It was, of course, pursued at that time and later as a
possible observational technique to use in observing forcign tests. .

Beginning ‘'in approximately 1948 (though predicted by Fermi before Trinity), the
testing system recognized that in the same fashion as Teller light, the bomb should
produce an electromagnetic signal, the ecarly stages of which, for the same reasons,
should, in principle, follow the alpha curve.: In this period of time, a number of
experimenters investigated this phenomenon in great detail and tried to convert the
measurement of this phenomenon into an adequate measure of alpha. Ernie Krause,
during Greenhouse and Sandstone, devoted some of his oscilloscopes to this effort.’
Watt, Malik, and Theobald at Los Alamos continued to investigate portions of the
problem. Watt, specifically, tried to look at the field inside the high-intensity
gamma sphere. Lou Wouters, at UCRL and later at Livermore, conducted both measure-
ments and theoretical investigations of this phenomenon. Bob England and Clyde Cowan
at Los Alamos conducted rather large experiments during Buster as did Ralph Partridge
on Tumbler-Snapper. England and Partridge were the first to show that the light
curve and the eclectromagnetic curve, at least in the early stages, followed the
proper exponential. Unfortunately, these results were not well recognized and it is
only in very recent years (1973), due to increased capability, that we have been able
to again experimentally arrive at this conclusion. Thus, at the beginning of the
moratorium in 1958, the measurement of teaction history by observing the electro-
magnetic signal was not in a satisfactory state. The measurement of long-time
clectromagnetic signals out to many microseconds had been conducted largely by

*(cont)moved. He commented, "No,” and a few hours later asked Ogle the reason for the question. The answer was that it had
been movaed but notice of that fact had not been considered important. Graves was extremely embarrassed and from then on,
rejected the philosophy that the Test Manager and Scientific Advisor could be physically separated from the rest of the techni-
cal organisation in conducting an operation.
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Figure 6.
Ranger alpha recording building (undcr the pile of dirt). The small building was
removed for the detonations.

contractors to the Department of Defense for entirely different purposes and will be
discussed in a later section.

As previously mentioned, the advent of the thermonuclear reaction, or boosting,
at Greenhouse in 1951 led to the requirement for much faster scope writing rates,
better detector response, and better cable transmission characteristics. The devel-
opments previously mentioned, largely those by the NRL group under Krause, led to the
desired capability. While the reaction rates were also measured by other techniques,
the simple technique of following the gamma-ray curve worked satisfactorily on the
first boosted device (Greenhouse ltem

(.§C.552
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this properly, of course, required not only the assumption of the inverse square law,
but a knowledge of the attenuation of air for the spectrum of gamma rays produced.
This knowledge was obtained both by common timing between detectors at various dis-
tances and by other measurements of the gamma-ray intensity as a function of dis-
tance.. '
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Bhangmeter

ical observations at Trinity in 1945, both by camera and other instru-

mcnt: ‘;;o:r‘::tdcaa double-peaked illumination curve for the light f rom the bomb. Very
carly calculations on the fireball expansion pher'xoyncnon alr:o qucatcd that th_ere
should be two peaks to the light curve with a minimum of intensity after the first
maximum coming at about breakaway, that is, at the time the shock wave breaks away
from the expanding front of the fireball. This phenomenon takes place presumably
because of the cooling of the fireball front as it expands .and because of the forma-
tion of nitrogen, oxygen, and hydrogen compounds in the hxgh-temprzr?tu_rc shqck_ f ront
before breakaway, and because the opacity of heated air to visible radiation -1s
sufficient to cause absorption of the light from the inner glowing .hot gas. _As the
shock front cools it gradually becomes transparent, allowing' visible ra‘du.mon to
escape from the inner hot regions, resulting in an increase in thermal radnanon., and
producing a minimum in the light curve. The time at which the shock front begins to
be transparent is yield dependent. .

During Sandstone, as an afterthought, a very simple measurement of the light
intensity vs. time was made using a photocell driving the horizontal plates of a
cheap oscilloscope. Timing was established by means of a 1,000 cycle per second
‘signal impressed on the vertical plates. The simplicity of the Sandstone measurement
technique led to the suggestion, by Fred Reines, after the formation of a permanent
test division at Los Alamos, that a simple instrument designed solely to allow a
quick observation of the time to the minimum might prove valuable operationally and
could conceivably, in the long run, be a dependable method of yield measurement.
LASL, therefore, requested that EG&G construct such an instrument and produce several’
in a portable form. In short order, EG&G designed and constructed a prototype
basically consisting of a 930 photocell (blue sensitive surface) and appropriate
circuitry to present the signal on a small oscilloscope, which had timing markers on
the sweep. Appropriate expanding and compressing circuitry was arranged so that the
signal would remain on the oscilloscope face. The scope was then photographed with &
Polaroid camera, so. that a reading could be obtained within a couple of minutes after
detonation. It was common to use four or five such instruments on a detonation. The
time to the minimum was then read by several different observers and the numbers
averaged out to pick an official value, from which the yield was then estimated.*

Various studies in LASL, EG&G, and the Department of Defense on the theory of
-the minimum in the light intensity gave somewhat different exponents for the scaling
law, usually not one-third. It quickly became apparent, as a result of the more
detailed measurements of the light curve by NRL, that the time to the minimum varied
with the color of the light observed, but the official bhangmeter continued to use a
blue sensitive surface, since that was the surface that had been calibrated. The
time to the minimum was affected to a certain extent by the surroundings of the

*The author always arranged to have s bhangmeter of his own during the opsrations in order to get his own time to the
minimum and woe beto EG&G iftheir official number was appreciably different than his. An intense afternoon was spent by the
entire Group J-7, with its group leader Fred Reines, early in 1950, picking a name for this world-shaking device that was
going to produce simple, cheap, and easy yield measurements. At the end of the sfternoon, Reines picked a name which we all
knew would be misinterpreted for the rest of history. Bhangmeter is not synonymous with bangmeter. Bhang is a variation of
Indian hemp, the leaves and seed capaules of which are chewed or smoked, and which then produces the same euphoria as other
variations of hashish. The now obvious connotation is that we were off our rockers to think that this thing would ever be

_ particularly useful and anyone else who ever believed it must also have a little something wrong with them.
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device when it was fired. A tower shot, with appreciable mass in the tower, might
give an answer a little different than an airdrop. A surface shot could give a
strong difference because the fireball was expanding in a hemisphere instead of a
sphere. In fact, if the shof is at the surface of a perfectly reflecting plane, the
surface of the expanding hemisphere follows essentially the same time history as that
of an airburst of twice the yield. Since the numbers were very simple to treat, and
were available to everyone who happened to be around when the shot was fired, a great
number of people had their own calibration curves, which differed enough to lead to
great and heated discussion, the difference usually coming about from slightly dif-
ferent interpretations as to the time of the minimum or different yields used for
their calibration shots (for example, using fireball yield instead of radiochemical
yield, or vice versa) or different personal corrections for the manner of firing.
During the period 1950 to 1958, EG&G constructed several more sophisticated versions
of the bhangmeter, but they all operated on the same principle. Very late in the
game, a few bhangmeters were built with different photosensitive surfaces having
different spectral characteristics. The bhangmeter did serve its purpose admirably.
By the end of 1958, it was considered to be an instrument that would give the yield
(most of the time) to plus or minus 15 percent, and it did have the advantage that it
could work off reflected light at an appreciable distance. Thus, by the time of  the
moratorium, this was a mature tool for the determination of the yield of fairly low-
altitude detonations, that is, well into the atmosphere. The author’s personal cali-
bration curve, as a result of the experience through 1958, is shown in Figure 7. The
bhangmeter could be used on the Dominic airdrops, but obviously was of no value for
underground detonations. :
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Figure 7.
Author’s bhangmeter curve for high yields (1958). Yield vs time to the minimum.

— e pm



—~GEORET
| PROLOGUE ' 69

Time Interval

Beginning with the first two-stage device, Mike, in 1952, it bccamg necessary to
measure another diagnostically critical number, the time between the primary detona-
tion and the detonation of a secondary. Having developed the primary tools to
measure  alpha, this was in principle fairl straightforward. But a few words on the
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I In fact, Aamodt and others on Greenhouse had

obsecrved the eclectromagnetic signal from single-stage devices at an appreciable
distance from Eniwetok, having stations on Kwajalein, Guam et¢. Sandia, in the early
Nevada operations after Ranger, put stations to observe both light and electro-
magnetic signals as far away as Albuquerque. In general, it was observed that the
time interval could be measured by the electromagnetic technique up to roughly 500
miles* from the detonation over a sea surface.  The equipment for so doing was
simple, consisting of antennas f{eeding directly into comparatively fast oscillo-
scopes, generally with amplifiers. Recognizing this simplicity, time intérvals were
measured at Castle largely by a single electromagnetic station on Japtan (operated by
Rod Ray and John Malik**) at Eniwetok, which observed the time intervals both from
Eniwetok and Bikini shots.

5us.C.s5:
&)
Ex.3,

-Wguucdn..h.y_m.&_bchni?us. Exom_then an hath ia hexede and at
' ' | D.0.E.

*Glen Jean, National Buresu of Standards {NBS)--Bikini from Wotje during Castle.
**Theelectromagnetic timeinterval axpariment wasactually designed and fislded by Bob England and Ray, but England
died a few days before the beginning of Cugh in a laboratory accident at Bikini. Thereafter Malik was the project leader.
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the Eniwetok Proving Ground, the time interval on two-stage devices was measured by
whatever technique, or combination of techniques, seemed to be the easiest at the
time. If there were close-in alpha measurements or gamma-ray intensity measurements,
then it was simple to observe time interval by observing the gamma signal. If that
. was not convenient, for example, on the airdrop Cherokee or on some of the barge

shots, then Teller light or clectromagnetic signals were used. All of these tech-

niques were well developed by 1958, However, it is notablé that there was not very
much experience, at least in the AEC family, in making these measurements for bombs
dropped over water such as we eventually did in Dominic and, hence, the question of
reflection of the electromagnetic signal off the water surface had not been seriousl
considered.
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AEC Device Diagnostic Nons_tandayrd Measurements

We will now briefly mention some other types of diagnostic measurements that
were developed during the period 1950 to 1958; not because they were critical in the
-return to testing in 1961, but rather to illustrate the kind of information that, in
principle, was available but in practice could not be obtained from airdrops, as in
Dominic, or initially from underground shots, as in Nevada. . Only in recent times
have some of these types of measurements been possible in Nevada. and some of them
have not yet been reproduced

Dinex
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The separation of speci-

iIC energy protons then allowed the observation gf a batch of particles, all of which
had the same flight time from the burning region to th'c detector; apd, hence, the
time smear in the neutron signal due to different flight times was obviated. Protons
- then impinged directly on an appropriate collecting cup .and thc. resultant sngnal. was
sent through cables to fast oscilloscopes at the rpcordmg station. :l‘hc practicali-
ties of the experiment involved such large amounts of materials, both in _magnets and

act, hunks of melted lead were picked up years afterwards, on Aomap-
Biijiri, as a result of that shot. The experiment cost on the order of 10,000,000 in

1951 dollars.

Ganex

To make the same kind of observation as Dinex, but somewhat less expensively, an
i as designed which involved a large iron

At the converter the necutrons, through

the (n,Y) reaction 1n iron, produced gamma rays. The observation of those gamma rays
at a comparatively remote point, through systems collimated on the converter, allowed

- an observation of the neutron burn rate. This technique was not used very often after
Greenhouse because of the observation that the boost signal could be observed by
normal alpha techniques, except in unusual circumstances. Variations of the tech-
nique have been used underground in recent years. o

Thermonuclear Burn Propagation Rate

On Castle Bravo* in 1954, Sterling Colgate and co-workers of UCRL per-
formed a classic experiment in which they measured the burn propagation

In concept thi
experiment was comparatively simple but difficult of execution. The basic experiment
consisted of collimators of the appropriate material very close to the device, that
is, just outside the point which the case would reach before the secondary exploded.
The neutrons from the burning secondary then passed down an array of 2,500-yard long
vacuum pipes, approximately six inches in diameter, to fast detectors in a building
at the far end.®* The detectors converted the neutron signal to an electrical signal,
which was then recorded on the oscilloscopes in the next room. Of course, it had to
be shown that the cross talk from channel to channel could be kept to satisfactorily
low levels. Since the propagation rate was extremely high and the burn rates were
high, the most modern detection and recording procedures had to be used. This

experiment, which worked very well, and other similar ones in later years, led o a
better understanding of the burn propagation through thermonuclear matcrials..

*Krause (NRL) had performed s similar measurement on Ivy Mike uwsing a helium-filled tunne! instead of vacuum

pipes.

—~SEOREF—
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Tenex

¢ measurement of radiation temperature was attempted by observation
of the x-ray spectrum. It was also recognized that the spectrum of the 14-Mev
neutrons produced by the DT reaction in the burning region would be broadened due to
the very naturc of the thermonuclear reaction. That is, the DT reaction takes place
because of high thermal motion of deuterons and tritons reacting upon collision. The
neutron from the reaction has roughly 14-Mev energy in the center of gravity system
of the deuteron and triton, but since that center of gravity is moving with respect
to the laboratory system, the necutron will have varying ecnergies in the laboratory
system depending upon. the motion of the center of gravity., The widening of the
spectrum due to this phenomenon is easily calculable for any given burn temperature.
Therefore, an observation of the detailed spectrum around 14-Mev would, in principle,
allow a determination of the particle temperature. The measurement of the x-ray
spectrum, if successful, would give the radiation temperature. It was recognized
that it is possible to have a burn in which the radiation temperature and particle
temperature are not the same, so both measurements were of interest. Since the
neutrons are particles and travel at appreciably less than the velocity of light,
even at 14-Mev, and their velocity varies with energy in a well-known fashion, it
became clear that an observation of the time of arrival of the neutrons at some point
distant from the bomb would allow a detailed measurement of the spectrum near 14-Mev.
Experimental criteria were straightforward. The detector had to be at such a dis-
tance that the time spread between the arrival of the lowest-energy neutron expected
and the arrival of the highest-energy neutron expected was long compared to the burn

A AneET
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time of the thermonuclear reaction. A measurement of the spectrum bc_twccn 12-Mev gnd
i6-Mev would be adequate to determine the temperature, although in actual practice,

the spectrum was measured over a somewhat wider band. . i
Since the measurement would be simply the observation

of the current from a detector, it was clear that the dectector sensitivity as a
function of energy was required and this quantity could be both calcglated and
measured in the laboratory. There was a little trickiness involved in setting up the
oscilloscopes so the sweep would be on at the time of arrival of this ban.d of ncu-
trons. However, by triggering off the rise of the gamma signal ‘(W
was solved. Such measurements were conducted by Hall and Waddc!l -
and operated satisfactorily. tor stations were at approxi-
mately 200 and 1,000 yards from the device.
_Variations of this Tenex technique were used both in Nevada and
in the Pacific during most of the operations up through Hardtack. (Variations are
now used underground; however, the experiment is in some ways difficult because of
the comparatively short distance that the detector can be from the device.) Later
theoretical calculations showed that the -broadening of the 14-Mev spectrum could come
about for reasons other than simply temperature broadening. The deuterium and tri-
tium mass could be moving as a body one way or another, which would only produce a
shift in the peak; but if different parts of the burning region were moving in
different directions, the spectrum would appear to be broadened. The effect of this

additional broadening could be treated theoretically. This diagnostic technique had
reached moderate maturity by 1958. _ o

Pinex

The use of threshold detectors led to a design of another fairly valuable
diagnostic tool, but one which produced data that was perhaps more of wonder in the
period before 1958 than of actual use to the theoretician, mainly because the compu-
ter codes of that time were not sufficiently developed to take account of the pheno-
menon observed. This measurement was called Pinex and simply consisted of a necutron
camera using the high-energy neutrons, that is, 14-Mev neutrons from the thermo-
nuclear burn region, to carry the image. A steel collimator placed some distance
from the bomb furnished the pinhole of the neutron pinhole camera. At an approxi-
mately equal distance back of the collimator, a plate made of an appropriate thres-
hold detector, initially zirconium, was placed. Upon detonation, the high-energy
ncutrons from the thermonuclear burn region of a bomb passed through the collimator
and pinhole and formed an image on the zirconium plate of the same shape as the burn
region and with an intensity related in some way to the burn in that region. Thus, a
picture of the integral burn of the booster region, as shown by the 14-Mev neutrons,
could be obtained. After exposure, the zirconium plate was recovered, taken back to
the laboratory, sliced into very small bits, and their induced radioactivity mea-
sured. From that data, a mosaic could be built up to get a picture of the source.
Later on, it became obvious that one could simply lay a piece of photographic film on
the zirconium and get an image directly from the zirconium activity. Appreciably
later, by shiclding against the gamma rays, short half-life materials, such as alumi-

- num, were used. Photographic film was placed against the aluminum preshot. High
energy ncutrons from the explosion induced radioactivity in the aluminum resulting in
exposure of the film shortly after the explosion. The film could then be recovered,
developed, and would give directly an image of the burn region. This technique,
originally developed for tower shots in Nevada, was eventually developed for use both
on primaries, and on secondaries on barge shots, even of megaton devices, since the
camera could be protected by the water and recovered from the bottom of the lagoon.
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By 1958, the technique was well developed and satisfactory for atmospheric detona-
tions. However, again, we had no experience in using the technique underground or on
airdrops. Parenthetically, one may note that after several years of underground
testing, variations of this technique have become quite important diagnostically.
The Laboratories have now developed techmiques for either recovering the image re-
cording material from downhole or producing images through the use of fluors m
image-transmitting systems which can then retransmit the image uphole. But only in
quite recent years have the data obtained by this method been actually useful in a
calculational way to the theoretician, because omly in recent years has the calcula-
tional capability been developed to handle the problem.

Output Measurements

Another class of measurements are on the borderline between effects measurements
and diagnostics measurements. They were useful on both sides of the house. Except
for Trinity, the DOD laboratories did not contribute appreciably in these fields

until in the mid-1950s when AFSWP began to develop significant in-house competence in
the field. '

Neutrons

At Trinity, Klema exposed samples of sulfur and gold (shielded and not shielded
by cadmium) to the ncutron flux from the Trinity device and observed the induced
radioactivity. Calibration of the particular sample geometries used on laboratory
sources, such as the Omega reactor and the Van de Graaff accelerator, allowed a
translation of these data into numerical quantities for the integral necutron flux as
a function of distance from that device and an initial attempt to determine the
spectrum. These data were very valuable to the ecarly weapons effects philosophers.
When Crossroads was planned in 1946, the methods of measuring yield were still
somewhat uncertain, and it was felt worthwhile to repeat this simple measurement as
one of the many attempts to compare the yield of the Trinity device with that of the
supposedly identical follow-on device to be dropped in Crossroads. At that time,
there was no particular conviction on the part of the weapons designers that two
devices, built the same, would actually operate the same. The uncertainty had to do
with the question of when the first chain reaction would actually start, an uncer-
tainty, incidentally, that was to plague designers many times in later designs. The
particular counters, sample molds, and calibration sources that were used on Trinity
were found, and hence, the identical measurement could be conducted. In addition to
the device uncertainty, there was some question as to whether or not the spectrum
would change as a function of distance because of the reflecting characteristics of
the water surface, as opposed to that of the silica sand of the Trinity site. With
appreciable operational difficulty and high adventure on the part of the experi-
menters, the measurement was repeated on Crossroads Able and indicated that the
yields- of the two devices were the same within experimental error and that there was
no appreciable effect of the water, probably because the Crossroads Able device was
fired at moderately high altitude above the water. As a side benefit of the experi-
ment, it was also possible to show that the bomb had missed its intended detonation
point by approximately 700 yards. .

When the planning for Operation Sandstone came along in 1947, it was again
- decided to repeat this measurement, probably for no awfully good reason except the
enthusiasm of the experimenters involved. However, since the devices were of dif-
ferent construction, with those for Sandstone using smaller high explosive, it was to
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be expected that the neutron spectrum would differ to some extent. Furthermore,
since the Sandstone shots were on towers, it was possible to measure the flux and
spectrum with somewhat more accuracy than was possible at Crossroads and alsq to
acquire some data on the variation with yield. For these experiments samp.le lines
were placed both along the land and over the water surface and the results did show
some difference in flux and spectrum over the two surfaces, especially in the slow
neutron range as detected by gold. The actual necutron intensities as measured above
the 3-Mev sulfur threshold were very nearly proportional to the yields of the de-
vices. The fast neutrons as detected by sulfur showed an almost pure cxponcntial.
drop-off with distance, after the inverse square effect was taken out, which was to
be expected, but the slow neutrons showed a pile-up close to the source and extending
out perhaps 200 or 300 yards. After that, the slow neutron intensity fell off
essentially exponentially following the same curve as the high-energy neutrons,
indicating that the far-out slow neutrons had gotten there as fast neutrons. All of
this helped the understanding of neutron propagation through the air, which at that
time was still under some debate theoretically. ' :

The expectation, after Crossroads, that thermonuclear reactions would someday be
attempted, led to further concentration on the part of the experimenters as to how
these techniques could be used to further diagnose the devices. The expectation of a
thermonuclear burn made it necessary to attempt to measurc the amount
of burn. External threshold detectors were an obvious techmique. In the period
between a laboratory investigation using the high-energy
gamma rays from the betatron led to several possible new detectors, the most out-
standing of which, because of its convenient half-life, was zirconium. Zirconium
could be used in the field as a (n,2n) detector with the threshold at about 12-Mev,
In the laboratory, that threshold could be measured using the (7,n) reaction, the
gamma rays coming from the betatron. Obviously, an external measurement with detec-
tors at some distance from the bomb also required information on the attenuation due

ith adequate success. Another technique for
measuring the overall burn was, of course, internal detectors which were then col-
lected as part of the cloud and treated radiochemically. These two techniques, that
is, both internal and external detectors, were then used through the rest of the
period up through 1958 to determine the burn of the primary boost region.

Iodine, with a threshold (n,2n) reaction at roughly 9-1/2 Mev, was used on
Sandstone in order to get a background calibration to see if this threshold detector
would be satisfactory to observe the high-energy neutrons from the thermonuclear
reaction that we could suspect was coming on some later operation. lodine has a
decay half-life of 13 days, which made moderately prompt recovery and counting impor-
tant., In its use, it was necessary to use both unshiclded and lead shielded detec-
tors in order to scparate out the activity induced by very high-energy gamma rays of
the bomb. Neutrons coming out of the bomb and being captured in the nitrogen of air
result in approximately 10-Mev gamma rays of very long mean free .path, which had to

* be dealt with as a background. :
In parallel with the above-mentioned ef fort (SR ouis Rosen developed
a technique to measure the spectrum of neutrons above, perhaps, 1/4-Mev. This
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technique involved the use of stations at various distances from the bomb with small-
diameter neutron collimators many feet thick, behind which was placed a "neutron
camera.” The neutron camera consisted of a hydrogenous scatterer, which then emitted
protons resulting from (n,p) scattering in the scatterer.  The protons were recorded
on nuclear emulsion photographic plates and produced tracks of measureable length in
the very thick emulsion. Rosen had been using a similar technique in the laboratory
and, hence, had done a great deal of work on the track lengths as a function of
energy in the nuclear emulsion plates. These cameras were then collected and sent
back to the laboratory, where the plates were developed and read by a great team that
Rosen had at his command. This was an eminently successful technique for determining
the spectrum coming from the bomb in a moderately straight line; but since it was
well collimated, it had less value from an effects point of view because it did not,
in general, mecasure the scattered necutrons, i.e., those that were not coming radially
from the bomb. Obviously, corrections to obtain the total neutron flux. could be
made. This method of obtaining the ncutron spectrum was comparatively expensive, but
was nevertheless used by both weapons laboratories on the appropriate occasion
throughout the remainder of the period under discussion. The detailed spectrum
obtained was of appreciable value in checking the corresponding neutron output and
transport calculations.

One other ncutron flux measuring technique deserves to be mentioned, the so-
called fission-foil camera. This device, starting with Greenhouse, collected the
fission fragments emitted from plates of uranium-238 or -235, shielded or not
shiclded by lead or cadmium, on a rapidly moving cellophane film. The cellophane
film could then be cut up into small strips and their radioactivity measured in a
laboratory counter to determine the neutron flux as a function of time after the
detonation. Perhaps the major pertinent point that came out of the use of this
technique was simply that there was a burst in the slow neutron flux as the shock
wave passed the camera. ~

Obviously, the total neutron output from thermonuclear burn regions could also
be obtained from the reaction history experiments. However, in general, the absolute
calibration of the detectors and electronics used in those experiments at that time
was not sufficiently good to allow an accurate integral measurement. -

- Gamma-Ray Flux

The total gamma-ray incident radiation at a distance from nuclear detonations is
composed of several parts. One is the prompt radiation from the device itself during
its muliiplying or immediate disassembly stages. Another is the radiation from the
rapidly decaying fission fragments or other activated nuclei as they mix and rise in
the fireball, eventually, to form the moderately stable radioactive cloud. . There .is,
on occasion, some contribution at ground level from the stable cloud itself; however,
this is usually small because of the great attenuation of the air between the cloud
and the ground. Another contribution comes from the capture of neutrons in air and
subsequent decay of the resulting nuclei with gamma emission. No appreciable contri-
bution is due to the x-rays from the fireball at distances of interest because of the
extremely short mean free path of x-rays in air.

Straightforward techniques for observing gamma-ray dose had been developed over
the years before Trinity for use in laboratory medical installations, etc. These
techniques were used in the field at Trinity and Crossroads, where film badges and
dosimeters were spread with great profusion over the area around the device. After
exposure they were collected, developed, and read in the laboratory in the same
fashion as any other film badge. Early-on, various shielding materials were ‘used in
conjunction with unshiclded film badges and dosimeters to allow correction for the
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. neutron dose to the film badge (the ncutrons scattering in the hydrogcnops ex.nulsmn
' i i i i down, cause ionization resulting in dar-
produced protons which, in their slowing s 4
kening of the film). The problem of equilibrium in a hydrogenous mass, such as the
human body, was recognized, so that appropriate mock-ups were made to help translate
the simple observations into whole body dose. Over the years, better and better
process control was established to allow more precisec measurements. Ea!'ly measure-
ments showing the variation of dose with yield were made by Pete Scoville at Sand-
stone, but after that time, the effort was largely carried out by Ellery Storm of H-
Division in LASL, and H. O. Wycott and L. S. Taylor of the National Burcau of Stan-
dards, with the assistance and guidance of John Malik. It was quickly observed that
the gamma dose was, for a given device design, closely proportional to the fission
ield.
& More sophisticated measurements were attempted, beginning with Greenhouse, _to
understand the production, transport, and deposition of gamma rays. At Greenhouse 1n
1951, the National Bureau of Standards attempted a detailed observation of the gamma
rays from the radioactive cloud in the very early stages of fireball expansion gnd
cloud rise by means of a massive station fairly close in, with a great number of
collimators pointed in different directions and magnetic analyzing systems at the end
“of the collimators. Unfortunately, this experiment failed due to blast damage, and
was never attempted again in that form. Malik produced a comparatively simple device
that allowed observation of the gamma-ray intensity above - the ground surface and
recorded the data underground, all of this being in a container perhaps one foot in
diameter and several feet long. These devices could then be. placed at several
distances from detonations to observe the time history of a gamma-ray dose. It was
the observations of the gamma-ray intensity with this device that allowed Malik to
straighten out the initial arguments concerning the yield of the first large thermo-
nuclear device (Mike). - Both kinds of measurements were made on a great number of
shots through practically all of the operations up to 1958. Parallel laboratory
theoretical work combined with the field observations, including photographic evi-
dence as to the position of the cloud and the time of cloud rise, ectc, led to a
fairly complete understanding of the initial processes and the transport phenomena,
etc., that lcad to a given dose at a given point in space from a nuclear detonation.
Thus, by 1958, this subject was well in hand for normal atmospheric detonations.
However, by then the reliability of the fireball technique for yield measurement and
radiochemistry for both yield and other data was such that the measurement of gamma
rays was no longer actively used to contribute to yield information. : :

Thermal Radiation

Outstanding observations of the thermal characteristics of the Trinity shot were
made by Julian Mack and others. Very detailed, integrated and time resolved spectral
observations were made, along with attempts at the total radiation flux, by various
optical means.

~ Observations were made photographically with high-speed cameras on all opera-
tions. It was somewhat difficult to deduce from these observations the actual ther-
mal fluences because of the very complicated calibrations needed for film sensi-
tivity,. processing characteristics, optics, ctc. These kinds of measurements were
used to- determine the absolute value of, and the time dependence of, fireball
brightness, and in some of the later operations, appropriate filters were used .to get
some measure of the spectrum versus time,

The major effort after Trinity came when the NRL group under Wayne Hall took' on
the job, under Los Alamos auspices initially, to document this whole phenomenon.
Preston Butler, of NRL, in conjunction with Group J-3 in Los Alamos, began to take
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spectrum measurements on Sandstone. Harold Stewart took over the job for Grgenhouse.
The need for measurements of the thermal radiation from nuclear detonations was
. recognized early on, since thermal radiation was one of the major effects to be
expected in warfare as it was contemplated at that time. It was also expected that
thermal output could be a2 good measurement of the yield, once understood. Since the
thermal output as a function of time was directly connected to the initial stages of
the blast phenomenon, or fircball expansion phenomenon, an understanding of the
details of the thermal radiation was to assist in an understanding of fireball expan-
sion, even though the thermal radiation from the shock fromt is a small portion of
the total. "
A massive program was therefore initiated for Greenhouse under Harold Stewart
and Wayne Hall at NRL. That program included measurements of air attenuation from
the bomb, that is, air attenuation over the path from the bomb to the receiver; very
detailed high-resolution time integrated spectra; spectrum as a function of time
taken on several instruments (both streak and framing cameras through spectrographs);
thermopiles to attempt to measure the total thermal radiation; bolometers to measure
radiant power as a function of time; and other instrumentation. The so-called black-
ball was invented. This was a simple device consisting of a hollow copper sphere
approximately eight inches in diameter, painted black on the outside, with a maximum
reading pressure gauge attached. The sphere was filled with gas (air). Thermal
radiation impinging on the black surface heated the copper ball which gradually
transferred - its heat to the contained gas resulting in an increase in pressure.
Therefore, a reading of the maximum pressure was directly reclated to total thermal
radiation received from the bomb. These were very simple instruments that could be:
mounted at different distances from the detonations, were easily read, and, perhaps
more importantly, collected the thermal radiation coming from all directions. The
efforts of Stewart’s group continued at high level through the whole period before
the moratorium, sometimes under the direction of Lou Drummeter or Donald Hansen.
Fantastic amounts of information were collected. Other cxperimenters, Sandia and
various groups from the Department of Defense, entered this ficld of endeavor later
on, but their efforts never compared seriously in the straightforward type of mea-
surement with those of the group at NRL. Mecasurements were made on all the Pacific
operations and all the Nevada operations. Hence, a great deal of information was
collected on shots of various yields fired in various manners, but it is notable that
no appreciable information was collected on high-yield, that is, megaton range,
airbursts other than King shot. Coverage in the infrared was minimal. '
On Upshot-Knothole (1953) and at later operations, these measurements were
extended to include the so-called Chord experiments in which a fixed bright light
placed some miles to one side of the detonation could be observed by highly resolving
spectral instruments from another station, again placed scveral miles from the deto-
nation, but in a manner such that the path of light passed fairly close to the
detonation at a predetermined distance. The observation of the absorption bands,
etc., could give information on those molecules formed in the. air duc to the gamma
ray and neutron flux, or even x-ray flux, before the shock wave or fireball reached
the light path. Enough analysis was performed on this great mass of data before the
moratorium, mainly by NRL and the group under Herman Hoerlin of Los Alamos, to
achieve a fairly complete understanding of the molecular .processes taking place
during the fireball expansion and of the absorption produced in air ahead of the
fireball as well as other phenomena associated with the fireball expansion. These
measurements showed, among other things, that the fraction of total yield coming out
as ‘a visible part of the spectrum did vary with yield, from about 45 percent at small
yicld to perhaps -25 percent for megaton shots. Eventually, calibration curves were
devised and total thermal provided a moderately accurate measurement of vyield,
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especially in the early operations, that is, the operations in the mid-1950s 1n
Nevada. The measurements showed that the brightness of the fireball peaked at some-
thing like 10 to 20 kilotons, decreasing both ways from that to rather great ex-
tremes. For example, Ranger A was so cold that it showed line spectra from the
components of the bomb. On the other hand, the very large bombs, 10 to 15 megatons,
were sufficiently dim that they could almost be viewed with the naked eye safely.
(However, for self-protection, no one was allowed to do that) It is perhaps of
interest to note that so much data were taken during those years that much of the
spectral data still have not been analyzed, and important physical knowledge is still
coming out of those data.

By the time of the moratorium, there were, counting Los Alamos and NRL, some 60
people working in the field on this subject in addition to the DOD and Sandia ef-
forts. Through this long effort there came a great amount of theoretical and experi-
mental knowledge which was used in developing the experimental plan for optical
observations of Teak and Orange, the high-altitude shots of 1958, and even more in
the theoretical predictions® as to the phenomena to be expected so that the instru-
mentation could be laid out properly. Thus, in 1957 and 1958, when the high-altitude
shots of Hardtack were planned to gather information on the phenomenology of high-
altitude detonations, a great amount of instrumentation and expertisc was available,
and Hansen and Hoerlin were of appreciable assistance in designing not only their own
measurements on those shots, but those of other experimenters from other laboratories
and from the Department of Defense. Unfortunately, both of those shots had opera-
tional difficulties so that wvery little of the close-in prompt data were obtained
from Johnston Island. By this time, both the AEC Laboratories and the Department of
Defense had learned to operate some of the optical gear in aircraft, and these were
used on Hardtack. In spite of the lack of data, the experience of planning in detail
for Hardtack and facing the operational problems gave the experimenters a great deal
of experience which was of great value in the Dominic series.

Blast/Overpressure

The subject of blast is certainly on the borderline between outputs and effects
measurements, but, since this point was under continual contention in the late 1950s,
there is little reason to straighten it out now, and hence, it will be included here.
- Initial experiments to study the characteristics of the overpressure or blast as 2a
function of distance from nuclear weapons were made at Trinity in 1945, specifically
by Penney (later Sir William Penney and now Lord Pennecy) and others.- Obviously, the
basic rules of the propagation of sound through air had been studied for years before
the advent of the nuclear weapon. However, not so much was known about the propaga-
tion of high-pressure shock waves through air and the theory of the mechanism of the
formation of the shock wave in the stage of fireball growth was in very poor shape.
‘Much depended upon the distribution of material throughout the fireball and upon the
equation of state of ‘the air in the shockfront of the fireball front as it was
growing. The equation of state depends not only on the temperature, which was
uncertain, but also on the specific states of the ionic, atomic, and molecular
constituents of the gas, which varied with time due to exposure by x-rays, gamma
rays, and neutrons, and by the varying recombination rates of many species. Even
without the complication introduced by the uncertain atomic and molecular composition

*An spprecisble proportion of the theoretical work was inspived by Hans Bethe, and carried out by Skumanich, Jahoda,
and Stone. . :
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of the "air," the interacting phenomena of radiation propagation and high-pressure
shock propagation close to the time of breakaway were not well understood.

Some of the early instrumentation used at Trinity and Crossroads was remarkable
for its simplicity and ingenuity, and even more remarkable for the consistency of the
results produced. For example, Penney. exposed sealed beer cans and five-gallon gas
cans at several distances from the detonation in order to obtain a measure of the
peak overpressure, the concept being that the can would crush to the. point at which
the internal pressure was equal to the external blast pressure. The cans could then
be collected at leisure after the shot, and the volume change measured by simply
pouring water in the can, pouring it out into a measuring device, and by very simple
calculation deriving the overpressure. Unfortunately, this method had some difficul-
ties. The cans did have some residual strength, requiring a correction at low over-
pressures; but there was some variation between cans in the crushing pressure re-
quired to get to a given volume. The temperature of the air inside could be changed
by other phenomena than the shock wave and, hence, affect the volume to which it
reduced for a given pressure. For example, the bomb’s initial thermal radiation
heated the can. The materials of the can did have some inertia, and, therefore, the
volume finally achieved was dependent to a certain extent upon the temporal shape of -
the pressure wave. For instance, an initial very high peak would not be observed.
Lastly, as was observed in later operations, the local surroundings of an observation
point .could produce anomalies that would affect the local overpressure. Because of
the tremendous importance of an understanding of blast phenomenology and, in particu-
lar, the military need for tables which would give the overpressure as a function of
distance and height of burst, etc., a great deal of effort was spent on this subject
in the early years. ) ’ .

Greg Hartmann and his co-workers at the Naval Ordnance Laboratory (NOL, now
called the Naval Surface Weapons Center) began to develop more detailed methods of
observation and put them into effect during the Sandstone operation. Pressure gauges
of various kinds were developed with appropriate time resolution to follow the major
portion of the shock wave. It quickly became obvious that surface effects adjacent
to the pressure-measuring gauge were important, so gauges werc mounted on horizontal
concrete surfaces or in radial walls. The formation of a permanent testing division
at Los Alamos led, in conjunction with NOL, and through the auspices of Reines and
Porzel and others, to a greatly expanded blast-measuring program. This led to a.
massive effort on Greenhouse in which new, improved surface gauges were placed both
in ground surface installations and in specially constructed walls radial from the
detonation. (The ground surface installations suffered greatly from the heavy rain
at Eniwetok.) Efforts were made to take into account the particular characteristics
of the air at the time of detonation, the wind direction, etc. In fact, small high-
explosive detonations were used just prior to shot to get the sound velocity from the
shot point to the detectors.*

*One of the more exciting incidents of Gresnhouse took place at & time when the arming party was in the tower
preparing to srm the wespon. A member of the blast team was closing the last switches before evacuating the island and, due to
. & miswiring, managed to fire a five-pound high explosive on the tower not far below the cab. The arming party leader, Jack
Clark, after recovering his equilibrium and allowing people to clean up the personal mess, set off in hot pursuit of the culprit
and cvcntuﬂly found him in his little switch station at the other end of the island wondering why his circuits did not seem to
be right. After the appropriste chewing out, the man closed the circuit again to show that everything was all right. The
monitors immediately showed that it was not all right, and that was the end of the high-explosive part of the experimant on that
shot.



PROLOGUE 83

At about this time, it was recognized that many other phenomena were aﬁ'ectm‘g
the shock wave measurements; in particular, the change in temperature _of the air
close to the ground due to the thermal burst, dust thrown up into the air frpm the
initial thermal burst, espeécially in Nevada, etc. AFSWP began to take'a Jarger and
larger hand in the measurement of blast phenomenology, as did the Sandia Lgboratory.
Thus, during the mid-1950s a great spate of experiments weré¢ performed by various DOD
contractors, Sandia, and Los Alamos to investigate these phenomena. Thermal measure-
ments were made close-in to the tower shots and balloon shots at the NTS to estab-
lish the initial thermal pulse on the ground. MeasuPements of air density and dust
loading were made close to the surface by various techniques including photography.
Even the range of beta particles in the air as a function of time as the shock wave
went by was measured in order to obtain the air demsity. The Department of Defense
actually built a moderate-size lake at their Frenchman Flat site in order to compare
the shock wave shape over land and over water for the same detonation. All of these
measurements with the concomitant theoretical effort resulted in a fairly detailed
understanding of shock wave formation and propagation and the effects of various
surfaces on the shock wave shape. Unfortunately, essentially none of this work was
performed on megaton bombs fired at altitudes pertinent to wartime use. However, the
data were sufficient to establish height of burst curves for the military which,"
apparently, are still the ones in use. A great deal of the expertise on this subject
was lost during the moratorium due to decreased budgets. Further measurements of
blast and shock in air could not be made in Nevada on underground shots after the
moratorium, and because the interest was on other subjects, very little effort was
expended during Dominic on blast.

Electromagnetic Effects

As was noted previously under diagnostics, electromagnetic effects from nuclear
detonations had been observed very early. It promptly became of interest, especially
to the military (AFOAT-1, later AFTAC) and others, to document this phenomenon at
comparatively long times. Both close-in and long-range measurements were made very
early and continued on all of the operations through Hardtack. The interest in this
subject stemmed from several concepts. Obviously, the electromagnetic signal might
be used as an observational technique to detect a foreign detonation and it was
possible, with sufficient unraveling, that the signal could give some diagnostic
information about the detonation. With the advent of the planning for intercontinen-
tal ballistic missiles, especially the Minuteman with its silo complexes, there was
worry that eclectromagnetic signals would be picked up by the interconnecting circui--
try at the missile bases and in some way render theé whole launch site ineffective at
a very critical time (presumably under attack by a foreign detonation). Of course,
there was also strong curiosity about the reasons for the formation and shape of this
signal. Close cooperation was maintained during these years between the AEC experi-
menters (such as Malik, Wouters, Watt, and Partridge) on this subject and their
corresponding Department of Defense colleagues, and appreciable contribution to the
understanding was made by the British through the JOWOG®* meetings on the subject.

. *JOWOG--for Joint Workin( Group, which was established toimplement the terms of the 1958 agreement between
the government of the United Kingdom of Great Britain and Northern Ireland and the government of the United States of America
for cooperation on the uses of atomic energy for mutual defense purposes. ' :
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Experiments were performed to measure the field strength as a function of
distance from the bomb. An cast-west effect was noted on the polarity of certain
portions of the signal. The observation of the characteristics of the signal for
different types of dectonations, that is, airdrop, surface, or tower, and for
different types of dcvxccs, small yield or large yield, boosted, etc, led to a
gradual unraveling of the reasons behind such a signal, a great portion of the work
beinng done by Suydam, Malik, and Wouters. Nevertheless, by the time of the
moratorium in 1958, there were still gaps in the understanding of this phenomenon
and, unfortunately, just at that time, because of the installation of Minuteman
sites, an understanding was becoming more and more important. The AEC Laboratories
could and did offer "rule of thumb” precautions to take against upsets of the Minute-
man system, but it took the construction of simulators and ficld experiments during
the moratorium to cventually lead to some satisfaction that the sites were safe.
Obviously, there is still some uncertainty on this problem.

. Various other phenomena were investigated during this period that will not be
gone into in detail here. Observations of the ionospheric changes due to high-yield
detonations were made by the Department of Defense and contributed to one of the
later systems for the detection of foreign nuclear detonations. Observations of the
changes in the earth's electric and magnetic ficlds at moderate distances were made
in the Nevada shots, and Fred Reines even considered the use of a nuclear detonation
as a source for the observation of neutrinos but eventually decided a reactor was
more sensible.

Effects Experiments

During this period of time, a great number of experiments were conducted by the
Department of Defense to determine the effects of weapons outputs on materiel and
people. The initial experiments were conducted by the separate Armed Forces and
later on by the Armed Forces Special Weapons Project formed on January 1, 1947. The
growth of the Civil Defense effort in this country, beginning in 1954 and 1955, led
to another set of such experiments emphasizing civilian protection considerations.
Some of these were conducted by various health organizations of the AEC Laboratories
or AEC Headquarters. Large efforts were expended at Crossroads and Sandstone on
military effects. Between 1950 and 1959, some 1,700 scparate reports were written on
the results of effects experiments conducted in conjunction with nuclear tests.
Those reports were written by authors from over 100 experimental organizations,
mostly under Department of Defense cognizance. Only a brief overview of the subject
can be given here.

The Hiroshima and Nagasaki detonations, while clearly not experiments but the
only wartime use that has ever been made of nuclear weapons, furnished in the few
years after 1945 a great deal of information on the effects of nuclear weapons,
especially on people. The United States at that time occupied Japan and, hence,
could carry out postshot investigations  with great thoroughness. Unfortunately,
while the yield of the Nagasaki "Fat Man" Christy device, the same design as used in
Trinity and Crossroads, was fairly well known, the yield of the Hiroshima “Little
Boy™ device was never determined with sufficiént accuracy for evaluation of the
Japanese effects data. Many attempts were made in later years to reconstruct the
Hiroshima experience, even including the serious suggestion that the device be built
again and fired in Nevada. But by then certain detailed documentation necessary to
reproduce the device had been lost, if it ever existed. Sir William Penney tried to
determine its yield by observing the -blast effects on various containers found in the
streets of Hiroshima but could never get conmsistent results. Postshot observations
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of apparent thermal flux and neutron flux were also used bu't all proved too inaccu-
rate. Nevertheless, a great deal of information was obtained on the effects of
thermal burn, of high-level radiation doses, and of the blast effects on Japanesc
structures, some of which were of similar construction to American structures.

At Trinity very few truc effects measurements in the sense of th.xs. section were
made. Bill Penncy did observe the effect of radiant heating in igmtmg_ structural
materials. It was intended that B-29 aircraft would: be in such a posnion as 1o
experience effects similar to those that might be expected in the upcoming drops over
Japan, but rainy weather delayed the shot, and hence the aircraft were not properly
positioned. ' '

As mentioned before, the first postwar operation was solely for effects pur-
poses, and used the then stockpiled MK3A Christy device as the source. Crossroads
was set up by the United States Navy to investigate the effects on ships of a npclcgr
detonation. The Navy was particularly concerned with the problem of a detonation in
a harbor and, hence, sought out a lagoon, ending up at Bikini in the Marshall
Isiands. The Navy had a number of outmoded U.S. military vessels that could be used
for this experiment, rather than being scrapped, and also had a few captured Japanese
and German vesscls.

Two experiments were performed. The first was to determine the effects on ships
of an airburst over water, and the second was to look at the effects of an underwater
detonation. The airdrop was fired first (20 kt at 520 feect) because it was expected
to do less damage than the underwater shot. Hence, it would leave ships for experi-
ments on the later shot. The airdrop, while producing serious effects, did not do
quite the damage that had been expected. But the second shot (20 kt at 90 feet
depth) was spectacular. Whole ships rose up in the water spout produced, and many of
the ships immediately went to Davy Jones' Locker. The radioactive contamination on
the ships remaining was sufficiently startling as to color the Navy’'s thinking on
that subject ever after. ' :

The Navy learned a great deal about the effects of airblast and underwater shock
on ships as a result of these two detonations. In general, ships suffered serious
damage or were sunk at air overpressures greater than 10-12 pounds per square .inch,
and were damaged above 4 psi. Boilers and deck structures scemed especially vulner-
able. Lethal water shock overpressure was in the 3,000- to 4,000-psi range.

Crossroads was also the beginning of the DOD effects efforts in a number of
other fields. Biological experiments were conducted using sheep, dogs, ctc.* Blast
and thermal documentation were carried out. Water waves were measured. Effects on
the ionosphere were noted. Radiological observations were made, etc. '

During those years, in addition to conducting experiments on AEC-sponsored
shots, the Department of Defense sponsored a number of detonations solely for effects

measurement purposes. A partial list follows in Table 1V, : :
' The effects efforts during the late 1940s and early 1950s were guided by the
need to understand the effects of nuclear detonations fired as then militarily de-
liverable, that is, airbursts, cratering bursts, underwater bursts, and surface
bursts. As missile delivery became more feasible, attention turned to the effects of
high-altitude and deep space detonations. ' :

The carlier work was devoted to understanding and learning to predict the weapon
outputs, and the effects of those outputs on things and people. So the effects
community supplemented AEC device output measurements of neutrons, gamma rays,

*Operstionally, it was most interesting to note the placemnent of these live animals before the shot and somewhat hila-
rious after the shot, because great numbers of the animals were swimming around the lagoon being chased by their owners.

=S ESRET




B ESRE
86 RETURN TO TESTING
TABLE IV
DOD-SPONSORED EFFECTS SHOTS
(1946-1958)

Crossroads Able 06/30/46 Airblast on ships

Baker =~ 07/24/46 Water shock on ships
Greenhouse Easya 04/20/51 Structures, blast
Buster-Jangle Jangle § 11/19/5) Effects of small-yield

Jangle U 11/29/51 Surface and cratering detonations
Tumbler-Snapper TS-1 04/01/52 Terrain Effects

TS-2 . 04/15/52 Terrain Effects

TS-32 04/22/52 Terrain Effects
Upshot-Knothole Encore 05/08/53 Terrain Effects
Teapot ESs? 03/23/55 Underground effects

HA 04/06/55 ~ High-altitude (36,620') outputs
Wigwam Wigwam  05/14/55 Radioactive/underwater shock phenomena
Plumbbob Priscilla 06/24/57 VYulnerability and Effects shot;

isci /24/ n ility 4£.S.L. (b)C?

Hardtack I Yucca  04/28/58 High-altitude (86,000') effects &%+ 3, D.0.E.

Wahoo 05/16/58 Underwater effects (500°)

Umbrella 06/08/58 Underwater effects (150°)

Teak 08/01/58 High-altitude (252,000%) effects

Orange  08/12/58 High-altitade (141,000 effects  Goft5: ,,5.52(

Argus 3 shots 08/27-09/06/58 Deep space QNN cf f ccts 1,

.Cocponlon with AEC.

thermal radiation, and blast, gradually taking over some of the measurements com-
pletely. At the same time, they investigated the effects of these outputs on air-
planes, tanks, jeeps, clothing, docks, housing, underground shelters, anxmals. ships,
etc.* They studied the effects on radio and radar propagation, that is on the
ionosphere. Long-range detection schemes based on these phenomena were put into
operation. Methods of predicting and detecting ‘radioactive. fallout were investi-
gated. ’

*Perhaps one of the most outstanding effects measurements in Nevada from the point of view of the outsider was the
experiment intended to be an observation of the effects of the blast wave from nuclear detonation on blimps. Several operating
blimps were brought to Nevada, and appropriaste mooring towers established for them at the proper distance from the expected
detonation. It was important that the wind be blowing in the right direction since it was intended that the blimps be head-on
to the shock wave. After a number of operational difficulties in which one blimp got loose for a while, the experiment was
performed. The expectation was th:'t since the surface of the blimp was fairly flexible, the shock wave would pass through the
gas inside the blimp just canceling the shock wave pressure outside, and that no particular damage was to be expected. However,
as anyone could have told them, but no one did, the velocity of a shock wave is different in helium than it is in air.
Specifically, it is faster. Therefors, the shock entered the front end of the blimp as expected, but by the time it had reached
the resr end, the shock wave inside the blimp was appreciably ahead of the shock wave outside. So the entire pressure
differential was exerted agsinst the rear end of the blimp and blew it right out, with the concomitant effects on the
airworthiness of the machina.
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. Figure 9.
Crossroads Baker just emerging; note ships.

In the late 1950s, because of growing concérn with the intercontinental ballis-
tic missile and antiballistic missile systems, appreciable attention was turned to
high-altitude detonation effects. Blast and thermal phenomenology were expected to
be strongly different than for sea-level detonations. X-rays would become important.
Bomb debris itself could get into space, perhaps showing effects in other parts of
~the world. Radio and radar propagation could be seriously affected. As early as the
Fizeau shot (9-14-57), Sandia was investigating the effects of the fireball on

‘S¢. S5~

(A)O) During this time (1946-1958), the efforts to understand the effects of bomb

¥, £ outputs on people (and other animals) were also widespread. Dogs and ‘other animals

’ were exposed to air shock to determine the damage mechanisms. The detailed mechanism

LO. E, of neutron and gamma ‘interactions with cells were studied. Skinburn and eyeburn

criteria were determined. The effects of radioactive material on the skin or after

ingestion were documented. Of particular note is the work of Lauren Donaldson and

. his co-workers at the University of Washington who have documented animal and man
radiation effects at the Eniwetok Proving Ground from 1946 to the present.

As the result of the massive effort on the part of the effects community, by thc
time of the moratorium, the effects of low-level or surface nuclear bursts were in
general adequately understood. Cratering for small shots at about "optimum" depth
had been documcnted (although the effects for very shallow bursts were still hazy).
However, the effects of high-altitude detonations were still very uncertain. On some
subjects, the knowledge was still too dim to ask even the right questions.

——SECRET—
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Systems Tests and Operational Exercises

The Hiroshima and Nagasaki airdrops of August 5 and 9, 1945, were, of course,
the first nuclear weapons systems tests even though performed in wartime. As all the
world knows, they were successful in that the mission was completed, the bombers were
.able to get away from the nuclear detonation safely, and the devices operated proper-
ly. .
Thus, Crossroads Able in 1946 was the third test of the airdrop capability and
did show up a difficulty. The bomb missed the target by some 700 yards. The normal
explanation is that it “"planed” immediately after leaving the aircraft and, hence,
followed the wrong trajectory.®* In the period between 1946 and 1958, a great number
of devices were delivered by military aircraft. The bombs of the Ranger operation in
carly 1951 were airdropped from a B-50. A large fraction of the Buster, Tumbler-
Snapper, Teapot, and Upshot-Knothole operations were airdrops. The _500-kt King s
of Operation Ivy in 1952 was dropped from a B-36H aircraft, and the 5uscss
Cherokee detonation of Operation Redwing in 1956 was dropped from a B-52B aircraft. Cb)C:
In the strictest sense, none of these were systems tests in that the devices were, in E- X .3
general, not yet stockpiled in their operational configuration, but in many cases, °
the shapes dropped'and their weights and aerodynamics were identical to stockpiled D, 0.E.
devices and only minor modifications were made in. the bombing aircraft, usually
snmply to arrange a fadio link to start timers at the moment of bomb release. No
serious genuine system difficulties were noticed during this period of time, although
many minor things were observed and corrected. There were, of course, normal mecha-
nical aircraft difficulties.®*® Human error was occasionally experienced.*** At the
request of the technical side of the house visual bombing was used almost complctely
However, there was radar backup.:
On July 19, 1957 the Air Force conducted a test of
at the Nevada T
missile was fired and detonated at 20,000 feet. The crew
received 4 R, but there was no observable dose to observers on the ground.
Thus, by the time of the moratorium, the Air Force had had a large number of Ex.3
experiences that were essentially systems tests using small bombs in Nevada, had gone N
through two airdrops in the megaton range in the Pacific, and had conducted one air- D.o.
to-air missile test.
While the Navy conducted durmg this period of time a number of effects tests, .
the most notable bemg Crossroads in 1946, no genuine Navy systems tests were con-
ducted.
The Army conducted its first and only truec systems test in Nevada at Operatnon
Upshot-Knothole. The Grable test of May 25, 1953, was the test of a Mark 9 artillery
shell fired from a 280-mm gun. The only notable operational change between the
manner in which this shot was conducted and the manner it would presumably be used in
the field came about because the scientific advisor at that time, Al Graves, was not
convinced that there was no possibility of the shell going off in the gun barrel
The Army, therefore, arranged the simple mechanism of a cable from the triggering

air-to-air mlssxle

*Listening on board ship at the time of the drop, the author remembers that the bombardier commented immediately
that he bad "tossed that ons,” possibly implying some error on his part. '

**For exampls, at Ranger, Hoyt Vandenberg, who was at the Control Point for one of the shots, noted "The Air Force
doesn't seem to be able to get rid of ita built-in oil leaks.”

*2%The "pickle barrel” in Nevada was occasionally as large s 1, 600 feet in radius. ‘!‘hc Chemkn sirdrop of Opentlon
Redwing missed by approximately five miles due to human error. : :
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mechanism of the gun over a pulley attached to a lead brick. The lead brick was held
on a small platform by a dogging mechanism which was actuated by a D}\Ill 'rcl?y from
the timing system. This simple replacement for a man opergtcd satisfactorily, and
the shell detonated at the proper altitude in a satisfactory manner. .

The Army conducted 2 number of nuclear troop-training exercises in the mxd-l9§Os
in Nevada. The point was simply to acquaint some portion of the Army’s forces with

the circumstances surrounding a nuclear detonation. In genecral, the troops were

brought into the region of thc test dectonation by truck and marched to prepared
trenches or foxhole positions which had been placed in positions agreed upon bctu.rccn
the Army Commanders and the Test Director. The troop positions had been determined

by the Test Director to be safe from the point of view of blast, thermal, necutron,

and gamma radiation. The troops, in general, crouched in the trenches while the
devices went off, and were allowed to look up after several seconds to see the
detonation. After experiencing the blast wave, they were again marched out. Through
those exercises a representative cadre of Army personnel learned that Army mancuvers
could be performed, within limits, on a nuclear battiefield.

Teak and Orange shots of Operation Hardtack in 1958 had many of the aspects of
an Army operational systems test. The warhead carrier, 8 Redstone missile, was an

_ early Army delivery system. However, the warhead was different than the operational

system, and the guidance system had to be altered slightly to take care of the safety
considerations demanded in that peacetime detonation. As mentioned elsewhere, the
change led to the Teak and Orange shots going off at the wrong position in space.

No Marine systems tests were conducted during this period. :

In retrospect, probably the most beneficial training to the Armed Forces, in a
sense, came about from the policy of placing many military people in the AEC Labora-
tories as staff members, both to help conduct the operations and to work in other
related weapons fields. The people generally stayed for two or three-year tours and
were_ integrated intimately into the laboratory work, both at Los Alamos and Liver-
more. '

Summary of Mecasurements

In general, the period 1945 to 1958 saw the development of a vast array of
weapon diagnostic techniques, many of which could be altered to be useful on under-
ground shots. The period saw the collection, compilation, and theoretical under-
standing of the effects of nuclear weapons fired low in the atmosphere, on the ground

-surface, or underwater, and saw a great growth of knowledge in the military on the

possible uses of nuclear weapons in "conventional” warfare. However, knowledge of
the cffects of detonations at high altitudes was still very primitive.

Organization

The field organizations variecd appreciably over the years 1945 to 1958. To a
certain extent, the organizational structure, especially in the upper levels, was
dictated by the responsible Washington-level agencies. Trinity in 1945 was somewhat
unique in that the major technical organization (Los Alamos Project Y) was a part of
the branch of the armed forces (Army) responsible for the whole nuclear weapon
cffort, and hence the effort was all "in house." By the time of Crossroads (1946),
the Atomic Energy Commission had been formed, so the problem of proper assumption of

- authority and responsibility between federal agencies reared its ugly head, never to

be really settled to everyone’s satisfaction during the period of interest. The
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problem was not particularly serious on Crossroads, or on the similar later operatxon
Wigwam, because the tests were clearly for effects purposes under the military, and
AEC help was required more as a service, although it was never completely one-sided.
In the later Pacific operations, 1948 through 1958, where the major purpose was
clearly AEC, but the management was military, serious management problems arosc.
Those management problems never seemed to affect the actual conduct of the operation
in any measurable fashion, but were usually serious enough to result in recommenda-
tions for organizational changes at the end of ecach operation. At Trinity, the
overall administrative head, K. T. Bainbridge (he seems not to have had a more
descriptive title), was part of an organization under direct contract to the Army,
"and the line of authority to him from General Groves and Oppenheimer was apparently
clear and simple. However, when Sandstone (1948) was being put together, the Test
Director (Darol Froman) was appointed, and then the AEC, feeling that the large
amount of military support needed should not be under the command of a civilian (and
knowing that the military would probably not agree to such an arrangement anyway),
requested that the military supply a Task Force Commander. In a short time, the Test
Director found himself three lines down in the organization chart, without the real
authority to guide the operation in the manner he thought best. Fortunately, in that
operation and in the later Pacific operations, the personalities involved were such
that serious conflict was normally avoided.

The Task Force Commander for Pacific operations in general reported to the Joint
Chiefs of Staff, through the particular Chief representing his service. During
operational periods, he was also designated the secnior representative of the AEC by
the Commission, in order to have the top responsibility in the field embodied in one
man. However, the Commission also usually made it clear to the Scientific Deputy
Commander that he was expected to guard their interests.

"After Sandstone (1948), the AEC and the military agreed that the man in charge
of the technical work of the operation would be at a level just below the Task Force
Commander, and would be designated "Scientific Deputy Commander.” In order to assist
the Commander, the military also designated military deputy commanders. Early on, -
the commanders of the Task Groups, the next operational level down from the comman-
der, usually outranked the military deputies. That situation was reversed in later
operations, in order to give the military deputies a more responsible role. Neither
situation was really satisfactory in the period from 1948 to 1958 because the work of
support by any one service did not require the efforts of two secnior men. (waever,
this redundancy became valuable in 1962.)

There was formal agreement that all of the technical projects to be conductcd in
a Pac:f:c operation would be under one man from the beginning. The intent to make
the Technical Director second in command was always difficult to arrange formally.
In practice, except for momentary flurries, it always worked that way because .of the
personalities of the personnel involved. Sin¢e that one man was (from 1948 to 1958)
from the AEC side of the house, two levels of - difficulty continually arose. At the
Deputy Commander level (Task Force), the military deputies, and sometimes the ser-
vices they represented, tended to resent, or dispute, the apparent seniority of the
scientific deputy, and occasionally the Task Force Commander got tangled up in the
problem. The upgrading of the rank of the military deputies after Greenhouse exacer-
bated the problem somewhat. Within the technical community, the AFSWP (Armed Forces
Specxal Weapon Project) doubted the impartiality of the Scientific Deputy, especially
in the later operations, and arranged for a mnhtary deputy to the Scientific Dcputy
That deputy was always helpful. In a similar vein, when Livermore began to 'test
nuclear devices, they too asked for‘a deputy.

Beginning with Sandstone, the work of the Task Force was divided among "Task
Groups.” One of these contained all of the experimental programs and projects. The
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others were thought of as support groups, although on occasion some technical project
was assigned to one of the support groups for various reasons (for example, _thc work
of AFTAC). Initially, the senior technical man was the head pf the tcchmc.al Task
Group; however, when he was moved to higher level, another senior man \'va.s.pxckcd to
run the Task Group. The relationship between these two men was also initially hard
to define. Again, the situation could have become difficult if it had not been ft_)r
the personalities of the individuals concerned. In practi;c, it sccqu that the main
. job of the Scientific Deputy (or Scientific Director), aside f'rom. his sai:cty respon-
sibilities, was to assist the Technical Task Group Commander in his negotiations with
the rest of the Task Force in .order that he could accomplish his job. .
On occasion, there was a problem brought about by the Task Force Commanqer
getting involved with the DOD experiments in such 8 manner as to give thcm_a dxf-'-
ferent aim than that intended by the sponsors. Sometimes this helped, sometimes it
did not. ' '
Between Sandstone and Greenhouse, a permanent test division was set up at Los
Alamos (J-Division). That division not only had the responsibility to plan and carry
out the nuclear test work of the laboratory, but by agreement with the AEC Headquar-
ters and the Department of Defense also carried out the administration and planning
for the other techmical agencies. Thus, through the auspices of "Task Group Point
One,” a single agency coordinated the technical planning between overseas operations
and acted as the administrative agency for that work during the operations. In order
to assist, the DOD assigned people to that group in Los Alamos, sometimes amounting
to 70-90 people. Later on, representation was also furnished by other users, such as
the Livermore Radiation Laboratory. This group dealt directly with the experimenters
in arranging such things as physical layout, shipping, communications, construction,
classification, etc. It acted as the administrative link between the experimenters
and the outside action agencies, such as the Task Force headquarters and the other
Task Groups. The existence of this permanent planning group established continuity
between the overseas operations after Greenhouse. The group also assisted appreci-
ably in Nevada operations, but only within the framework of the permanent Nevada Test
organization. ' '
Looking back, probably the major difficulties in the Pacific operations arose
because of a basic inconsistency in aim. There was usually an urgency to start the
operation on time and finish it as soon as possible (sometimes Presidentially di-
rected). This urgency could dbe produced by programmatic aims, economics, or politi-
cal consideration, or simply the desire to get the operation over with and go home.
"(A common statement was, "This delay is costing us a million dollars a day.") The
personnel of the administrative structure usually felt this urgency strongly. On the
other hand, ecach shot was being fired for a purpose, and each experiment was being
performed for a purpose. Most important, the line of responsibility for the success
of those shots or experiments was not through the temporary Task Force structure, but
through the permanent AEC Laboratory or AFSWP structure. Thus, a person on the
technical side of the house might sometimes feel that the shot was being fired
without purpose because he was not properly ready to make the appropriate measure-
ments, whereas the person in the administrative line might feel that the need to get
the operation over, to get the right weather, etc.,, should override the needs of a
particular experimenter, especially if it were a  comparatively small experiment.
This tug-of-war eventually led to agreed-upon lists of experiments that had to be
ready before the shot could be fired, lists of other experiments that had to take
their chances. A great deal of effort at higher staff levels was.expended in con-
tinually trying to balance the conflicting points of view, and it is to the credit of
all of the administrative people, on both sides of the house, that the operations
were cventually conducted within moderate time limits, for reasonable cost, fairly
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safely, and with a high return of experimental data. Toward the end of the period,
the suggestion of continuous testing, at a lower rate, was made by a nu.mber of
organizations. Such a system may well have reduced the philosophical conflict noted
above.

In Nevada, the situation was different. While appreciable military support was
needed, the major “housekeeping” functions of transportation, housing and feeding,
" shipping, security, etc., could be done by the civilian side, so it was agreed at t_hc
Commission and Military Liaison Committee level carly-on that the Nevada Test Site
would be operated by the Atomic Energy Commission. The AEC appointed a "Test Mana-
ger,” initially out of the Albuquerque Operations Office, and later from the Nevada
Operations Office, to be responsible for test operations. The test manager had no
responsibility or authority with respect to the technical program. Operations at ' NTS
allowed an organization much more consistent with the internal Laboratory or AFWSP
structure, with military support being integrated, but not controlling. By agree-
ment, the Test Manager appointed a “Scientific Director” or "Sciemtific Advisor,”
initially from Los Alamos. Later- on, the appointment to the position alternated
depending on the sponsor of the particular shot. In the early operations in Nevada,
a single "Test Director®™ was responsible for all experimental projects, but the
growing test program of the Livermore Laboratory eventually made that system unsatis-
factory, so that "Test Groups" were formed, allowing each major test organization to
have its own "Test Group Director,” responsible directly to the Manager (and the
sponsoring organization). At approximately the same time, the areca of the test site
‘was divided in such a manner as to reduce interference between the users.
' In general, the Nevada operations seemed to go somewhat more smoothly than those
in the Pacific, partly because they were smaller and simpler, and because the parti-
cipants were closer to home and hence did not feel so captive, but mostly because the
chain of command was only slightly skewed from normal by the test command structure.

Other

A number of other competencies needed for nuclear weapon testing were developed
during these years, but will not be covered in any detail here. Most important
‘perhaps was the development of the radiation safety (rad safe) structure in both the
~AEC and DOD. Measurement and prediction ability grew as a result of the large
efforts put in on both sides of the house. This work went hand in glove with the
continued effort to understand the effects of radiation. The prediction capability
depended strongly on input from the weather prediction units, also gradually deve-
loped to work with the rad safe prediction units.

Field construction was handled with growing competence during this period by
several companies, the most outstanding being Holmes & Narver (H&N) in the Pacific,
and Reynolds Electric and Engineering Company (REECo) in Nevada. Their expertise was
essential to the return to testing in 1961-1962. ,

Other functions, such as shipping, the care of legal problems, security, and
safety, were handled by people of growing experience in the nuclear weapon test
field.

Of great importance, a small group of people with great and broad competence in
the various nuclear weapon effects, and with understanding of operational problems,
had come into -existence. Sometimes associated with “weather panels,” "safety
panels,” "advisory panels,” or with more specific problems, they furnished a cadre of
trusted judges to whom the Task Force Commander, a Scientific Deputy, Test Manager,
or Scientific Advisor could turn for guidance when the chips were down. In a number
of opecrations, there was a tendency to leave this group off the organization charts,
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'but their help was of great value. In no particular order, some of these people were
A. Vay Shelton, O. W. Stopinski, L. Joe Deal, Carter Broyles, Ralph LaChavese, Gordon
Dunning, Clint Maupin, Mel Merritt, and John Malik. ‘ ' ' _

Prologue Summary

During the period of 1945 to 1958, the British, Americans, and Russians tried,
both through the auspices of the United Nations and by separate conferences, to
arrive at an appropriate agreement for arms control and specifically for the control
of nuclear weapon testing and stockpiling. These attempts were in general not suc-
cessful, in part because of the Russian need to establish a nuclear weapon capability
of their own and in part because of the United States insistence on *adequate”
control systems. In the late 1950s, because of the rapid growth of Russian .nucl.car
weapon capability, and because of worldwide reaction to the "dangers" of radioactive
fallout, the pressure to halt nuclear weapon testing grew strong, and by late 1957,
Eisenhower was feeling that pressure and seeking ways to come to some agreement on
the subject.

Advancement in American nuclear weapon design was

testing me out during the period. Towers,
barges, balloons, airdrops, underwater, underground, and rockets were all terms that
became familiar. However, by the end of 1958, balloons in Nevada and barges on the
Pacific were the most commonly used platforms for testing. :

Permanent proving grounds had been established in the Pacific and in Nevada,
with permament on-site staffs. The major testing organizations all had permanent
testing groups. By the end of 1958, a seasoned, experienced, testing organization
existed and was operating. But by the end of Hardtack Phase I, it was tired.

Diagnostic methods were developed during the period beyond that available at
Trinity. The reaction history could be measured in great detail. The observation of
radiation flow and thermonuclear burn was well advanced. The gamma ray, neutron,
thermal, blast, and eclectromagnetic outputs of nuclear devices over a wide range of
yields had been measured for sea-level detonations, and were moderately well under-
stood theoretically.

The effects of sea-level detonations were investigated in great .detail.  Blast
and thermal effects on ships, buildings, animals, etc., were tabulated. Both prompt
and delayed radiation effects were well understood by 1958. Fallout predictions and
the predictions of other hazards could be made with sufficient accuracy for opera-
tional decisions.

n short, by 1938, there was a mature nuclear weapon design and testing system,
nuclear effects from sea-level detonations were well understood, the world was afraid
of atmospheric nuclear weapon tests, and we were just beginning to learn how to test
underground. Many of us did not want to learn, ever! _ :

sSuss.
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CHAPTER 1
PREMORATORIUM INTERNAL READINESS ACTIVITIES

The AEC, the weapons laboratories, AFSWP, and the other components of the nu-
clear weapons "complex” had been intimately involved with the national actions toward
a nuclear weapons test ban since the subject was first raised. The early Lillienthal
group had several members from that complex. The complex was continually consulted
on the subject through the early years, and an appreciable amount of “in-house”
effort went to those considerations.

After the exodus from Los Alamos at the end of WW II (and from other portions of
the system), the new weapons complex consisted of people who probably, on the aver-
age, felt that the continued design, testing, and production of nuclear weapons was a
necessary element in the United States defensc posture. When a test ban, as a
prelude to other disarmament moves, began to be considered seriously, the nuclear
weapons complex spent some effort considering the effects of such 8 ban on the
weapons -system, what capabilities should be maintained, and what moves, ahead of
time, might "safeguard” the system capabnhtnes.

While there were some early opinions expressed that in order for a CTB (Complete
Test Ban)®* to be believable to the rest of the worid, the weapons complex would have
to be completely dismantled, including. the 'dissolution of the weapons laboratories,
these opinions were never taken very seriously. Rather, the feeling seemed to be
that any such agreement should be entered into gingerly, that the Russians were not
trustworthy, and that therefore, the weapons complex should be maintained, at least
for a few years. The stockpile needed “care and feeding,” and further advances in
nuciear weapon system desngn could clearly be made, and might become ncccssary were
th¢ Russians to act in some inappropriate manner.

However, the aims of "maintaining the weapons complcx capability" or "main-
taining a nuclear test capability® did not, in general, lead to clear-cut and gener-
ally agreed upon suggested actions. There was clear agreement that the internal
health of the AEC weapons laboratories had to be maintained (the point was not so
clear with respect to the DOD laboratories), but what did that mean? Should the
people be kept at work ‘'on weapons design and production problems, or should their
capabilities be exercised by putting them to work on other subjects? Without nuclear
testing, would it be possible to keep them on weapons work very long? Would good
people stay to work on problems that could not come to fruition? To maintain a
testing capability, was it necessary to maintain the proving grounds? Were cadres
representing the major field contractors (EG&G, H&N, REECo, ctc.) necessary, or could
these organizations be allowed to disappear? Was it necessary that the in-house
weapons test organizations be maintained as entities, or could they be absorbed into.
the other parts of the laboratories? If they were maintained, what work should they
do?

These questions were not taken particularly seriously over the years 1946 to
1956, but began to use up more effort as the moratorium approached. The separate -

*Today, July 1979, CTB means Comprehensive Test Ban.
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organizations, as was to be expected, took somewhat d?ffcrcnt tacks in answ_crmg th:
questions. However, once in a while there was consistency. In Junc.l954, Teller
(Livermore) and Bradbury** (LASL) sent their joint opinions to Ken Ficlds (General
Manager, AEC) in response to a query by John Foster Dulles. They felt that a CTB
would work in favor of the Russians because the United States would pbscrve the
treaty -- but it might be circumvented or openly violated by tht_: Russians -- and
because the Russian intelligence (due to the difference in socicties)*** was better
than that of the US., so the only way the ‘US. could stay ahead was to work harder
and faster, which it could not do under a CTB. They further commented that a TTB
(Threshold Test Ban) would have the following effects: :

a. If the threshold were sero, there would be no tests, and hence little or no progress, accompanied by a loss
of sense of urgency.

b. Hthethreshold were 5-10kilotons, theU.S.could do tactical weapon development. They recommended that at
least this be allowed for any condition short of complete and satisfactory atornic weapon control.

c. Ithethreshold were 50-100 kilotons, they could do weapon component testing for large bombs. They recom-
mended that the threshold be st least this high. o

d. IHthethreshold ware 1-2 megatons, they could develop lightweight thermonuclear warheads. They opined
that such a threshold might impede the Russians, who seemed more interested in very large yields.

¢. 1f there wers no limit, the laboratories would increase their capabilities in the high megaton field.

*Edward (Ede) Teller--born January 18,1908, Budapest, Rungary--Inst.of Tech., Karisruhe, Germany, 1926-1928--Ph.D., U.
of Laipsig, Germany, 1930--numerous D .Sc.s, etc.--Rockefeller fellow, Copenhagen, 1934--Lecturer, U. of London, 1935--
immigratedto U.S., 1935--Prof. Phyuics, George Washington U., 1935-1941--naturalised, 1941--ColumbiaU., 1941-1942--U.
of Chicago, 1942-1943--Site Y (Los Alamos Laboratory), 1943-1946--U. of Chicago, 1946-1949--Los Alamos Scientific
Laboratory, 1949-1951--U. of Chicago, 1951-1952--Livermore Laboratory, 1052-1975--Ratired, June1975. Participatedin the
early 1930 American work (Seilard, Tuve, Rosenfeld, Whesler, Hafstad, Zinn, Fermi, Anderson, etc.) showing the possibility of a
uranium 235 bomb--with Skilard visited Einstein Aug. 2, 1939, to obtain his signature on the letter to Roosevelt that led to the
establishment of the "Advisory Committes on Uranium” (Oct. 1839)-~consultant tothat committee 19039-1941--with Fermi (fall
1941} calculated the feasibility of a thermonuclear bomb--sssisted in production of world's first nuclear chain resction,
Stagg Field, 1942--presented the thermonuclear concept to the June 1942 Berkeley conference on atomic weapon progress--
GroupLeader, T-1, Los Alamos, 1944, hydrodynamiecs of implosion, Super--member, Los Alamos Tech. Board, July 1944--
Group Leader, F-1, the Super and General Theory, Sept. 1944--Group Leader, T-7, Super, Nov. 1945--Observer, Trinity, July
1945-~Asst. Director, Los Alamos Scientific Lab., 1949-1951--led conceptual work that invented "secret” of the thermonuciear
bomb 1951--pressed forsecond nuclearweaponsiaborstory 1952--joined Livermore 1953--Assoc.Director 1954-1958--Director
1958-19060--opposed complete test banand proposed undergroundtestingasalternative 1957-1963--pressed for "clean” weapons.
Member, USAF Scientific Advisory Board--fellow, American Nuclear Society--fellow, American Physical Society--member,
Nationa) Academy of Science-~others--Albert Einstein Award 1958--Fermi Award 1962-~others. ‘

**Norris Edwin Bradbury--born Sants Barbara, Calif., 1909--Whiting Fellow 1931-32--Ph.D. (Physics), U. of Calif., 1932--
'NRC feliow in physica, Mass. Inat. Tech., 1932 to 1034--Asst. Prof. Physica, Stanford U.,1934-1937--Assoc. Prof. 1937 to 1942--
Prof. 1942 to 1950--Prof. Physics, U. of Cal., 1950--active service, U.5. Naval Reserve {(Commander}, 1641 to 1845--Dahigren
NavalProving Ground {exterior ballistics) 1941 to 1044--joined Site Y (1ater Los Alamos Laboratory) July 1944--Interdivisional
Weapons Committee (responsible for all phases of nuclear weapon work peculiar to combat delivery)} 1944--Group Leader X-1
(implosion research) Sept. 1944--Group Lesder X-6 (weapon sasembly), Mar. 1945--Technical Deputy, Project Alberta
(activities concerned with combat atomic weapon dalivery), Mar. 1948--Group Leader, TR assembly Project TR (Trinity), June
1945--Dirsctor, Los Alamos Laboratory, Oct. 1945--member, USAF Scientific Advisory Board--member, Science Advisory
Committee, Office of Defense Mobilisation, 1958-1957--retired, Sept. 1970. D.S¢c.,honorary, Pomona--D.Sc., honorsry, Case--
LL.D., honorary, U. of NM.~-fellow, American Physical Society--fellow, National Academy of Sciences--Phi Beta Kappa--
Sigmas Xi~-Navy Legion of Merit 1948--Special Certificats, U. of Cal. Regents, 1960--DOD Distinguished Public Service Meda)
1968--AEC Citation 1968--Fermi Award 1970. . :

¢¢*Author’'s comment.
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‘They further opined that explosions below 5-10 kilotons yield could_ be concealed
in Russia, that one megaton would be observed, that long-range detection would.not
give the size of the explosion (to any reasonable accuracy), and that therefore (if a
low threshold were to be chosen), close-range surveillance and observers would be
necessary. ‘

Lastly, they agreed that a temporary moratorium would not seriously damage the
weapons program, but that if it went.beyond January of 1957 (2-1/2 years), the
detrimental effects would be serious, and that beyond that time the cffects would be
rapid and cumulative. ’ - : -

By the beginning of 1958, several main paths of effort, with respect to a
possible moratorium or test ban, were evident within the weapons complex. While
there was real-time interplay between the subjects, they were roughly as follows:.

a. information, participation, and "guidance" to the centers of government -
concerned with treaty-related questions,

b. changes to the test and design schedule to accomplish ‘as much as
possible in the time remaining,

¢. consideration and actions on those subjects that might maintain the
health of the weapons complex post-treaty, and -

d. possible post-treaty "readiness to test” c_onsidera;ions.

As mentioned before, the separate components of the complex attacked the prob-
lems differently. Briefly, Livermore, still trying to °®prove itself* as a labora-
tory, was hawkish. It emphasized the need of continued testing, warned of possible
Russian cheating, proposed alternatives such as underground testing, worried {(both
theoretically and experimentally) about seismic detection, and pressed for some of
those alternate activities that would maintain their competence, such as Plowshare
(peaceful uses of nuclear explosives), Pluto (an air-breathing nuclear propulsion
reactor system), and testing below an observable threshold. Los Alamos, "old tried
and true,” took a somewhat more relaxed view. Having been through so many "scares,”
they really did not believe a moratorium would actually come about, and resisted
external pressure to act as if it would. Bradbury and a large portion of his staff
thought that a moratorium might actually be good for the laboratory, that some means
of coming to agreement with the Russians had to be found, and that further weapon .
development might not be particularly "cost effective” to the country. LASL seemed
to feel that between Rover (space nuclear propulsion program), the compilation and
analysis of old test data, and the peaceful contemplation of genuine new weapons
concepts, they could be well employed for several years. _ ‘

The AEC tried to fight a bad situation as best they could. Like Livermore, they
resisted a treaty, tried to find alternatives, and urged the accomplishment (at least
for the AEC) of as much as possible before such a treaty might come about.

The Department of Defense shared the AEC views and moved in a similar manner.
Unfortuntely, AFSWP was in the throes of a possible reorganization (or even deletion)
and could not put substantial effort on the subject.

During the year 1958, before the moratorium went into effect, the various test
organizations expressed their future needs, through appropriate channels, to the
upper echelons, usually with the attitude that they must be ready to test again soon,
or that it really wasn’t going to happen and life would go on as it had before.

We will now take up separdtely some of the facets of these activities in' 1958,
even though the subjects were, in general, not actually separated at the time.
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AEC ‘Laboratory Health in the Light of a Possible Moratorium

Partly because of continual questions on the effects of a moratorium, and pa'rtlz
because of just general worrying about the weapons program, Bradbury gave Starbird
some of his feelings on the subject on January 8, 1958. After expressing concern
that the laboratory (LASL) had "lost control of its own destiny” since it no longer
chose what it felt best to work on in the light of its own knowledge, but rather
responded to external pressures from the AEC and DOD (brought about partly by the
growing strength of Livermore and AFWSP),** he commented that he. felt the labora-
tories were now making very little progress per dollar invested, and that perhaps a
moratorium would be a good thing in a certain sense right now:

If we had to sit down and think, If we had tims to sit down and think, we might think of something. It is very
unlikely that with the press of affairs ss they are, and with the general attitude of the Commission what it is,
and with our own response what it is that we will have the intellectual fortitude to say "No!" to any proposal,
nor will we, with the continual workload (which we will partly bring upon oursalves) find the elusive "new” idea
if it exista at all. ...A morstorium followed by the possibility of further testing would st least force us to
take stock of our whole situation. ...t is my own impression that LASL has let itself get slightly too bogged
down in mass production of weapon designs, and that we should try to take that sspect of our life a little easier
and work s little harder in general research--which is thought to be good for the country too!f It is for reasons
like this that the thought of a moratorium, cast in the propsr context, is not too painful.

- Livermore, however, was not so pessimistic. In March 1958, Teller (who had
recently assumed the position of director of Livermore) gave Starbird a thick docu-
ment listing all of the work required in the major problem areas, and concluded:

The above enumeration clearly indicates that there is far more useful work to be done than a laboratory of the
present size of UCRL can posibly do in the immmediste future. This poses the difficult and dangerous problem of
choosing the ultimately most useful and desirable ideas from among the many promising and in some cases unex-
plored candidates. We feel thiat, at least at the present level, limitations of funds should not be- the deter-
mining {actor in our ability to pursue some of this work.

As a result of the growing pressure, the AEC commissioners called the laboratory
representatives into Washington on May 28, 1958, to discuss the effects of a morato-
rium, but they never got around to the question of the laboratories, spending most of
their time on the values of underground testing. _ '

However, Bradbury continued to seek guidance, and it finally came (copy to
Teller) on July 11, only a few weeks before Eisenhower announced the moratorium, in a

*Alfred Dodd Starbird--born April 28, 1912-~West Point 1933--Army Corps or Engineers--Col. 1944--Instructor, United
States Military Academy, 1938-1942--War Department General Staff, 1942-1944--Commanding Officer, 1135 Engineering
Construction Group, European Theater, 1944-1945--Operations Division, War Department General Staff, 1945.1950--
Secretary, Supreme Headquarters Atlantic Powers Europe {SHAPE), 1950-1953--Office Chief of Engineers, Department of
Army, 1953-1955--Director, Division ofMilitary Application, U.S. AtomicEnergy Commission, 1955-1961--DirectorEngineers,
Northwest Pacific Division, 1961--Commasnder, Joint Task Force Eight (Dominic), 1961-1962--Director, Defense
Communications Agency, 1962-1968--Director, Defense Communications Planning Group, 1066-1968--Safeguard {Sentinel)
System Manager 1968-1970--retired from the Army {Lt. Gen.) 1970--Asst. Directorfor Test and Evaluation, Defense Research
and Engineering, 1970-1975--Asst. Administrator for National Security, U.S. Energy Research and Daevelopment
Administration, 1975-1978. Four Distinguished Service Medals, Laegion of Merit, two Brongze Star Madals. (Ed. note:
Decenased 1983).
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letter from Libby® (acting AEC chairman). The answer was in two parts, as follows:

1. Laborstories as excellent and experienced as Los Alamos and Livermore are national asssts and whatever our
future holds there will be important work for you to do. Consider two of the possible types of morstoria or
disarmament arrangements.

{a) Test ban only. Then your job--on atomic weapons--would be to digest and collate the results from
Plumbboband Hndiui,vhich srerich sources of basic weaponsscience that when fully understood and ana-
lysed will enable us without sdditional tests to mataerially improve our weapons designs. A period of sigh-
teen months or two years probably could be most profitably employed in this way. Experimental work at
subnuclear yields probably would be involved.

In addition, we hope that whatever the nature of a test ban, there would be special exception made of
the nonmilitary applications of nuclear explosions so this potentially important development could be con-
tinued, possibly under the aegis of the test ban suthority conducting the inspections and control of the ban.
Particularly in the case of Livermore, but also in the case of Los Alamos, this would serve as a meaningful
and challenging project to which the weapons design experts might turn their talenta to designing Plowshare
devices, i.e., devices especially designed for nonmilitary application where considerstion of cost, diameter,
fission to fusion energy release ratics, neutron escape efficiencies, eoic., are dominant as compared to
weight, yield to weight ratio, snd similar considerstions dominant for military applications.

(b) Full disarmament with presant stockpile frosen except for reworking and continued maintenance and
Plowshare continued under the segis of the disarmament authorities.

The reworking possibilities are Jarge and the full consideration of ocur present factual knowledge may
well reveal significant and important stockpile changes that could be made safely by reworking and without
testing at full yields. In any case both the tasks outlined above under (a) would remain.

2. '_l'hc second part of our guidance would be to advise you to make plans on a strictly confidential basis which
you would hold in resdiness to reorganise your work and reslot people should a cessation actually occur. The
existence of such plans we balieve should be closely held by you to prevent there developing in the labora-
tory s feeling that you, and we, believe a moratorium or cessation is immediate. Naither of us, of course,
%0 believe. . - ' :

The plan should be to get the laboratory in the bast possible scientific trim beginning immediately so
that ita ability to perform a wide varisty of scientific tasks efficiently and wisely will be at & maximum.
Probably the stratification or separation into development groupe for weapons or atomic power, etc., on the
one hand and into pure research groupe on the other which appears to be taking place should be reversed o0
that the rule would be that all scientists at the laboratory are expected to have research of good quality
underway and to be fully conversant with a broad field of scientific literature outside their particular
field of development concentration. .

This might lead to more people working on weapons by the addition of part of the personnel from the pure
research groupe but with everyone being expected to spend part of his time in basic research, the net effort
in the developmant program as a whole would not be mly changed in total manpower. Of course, there are
alwaysindividuals who are constitutionally unable to do development work and basic research simultansously
and provisions for exceptions in these cases should be made, but it would be our hope that the shift in trend
described be made oo that the natural tendency toward stronger and stronger preoccupation with narrow fields
and developmant interest be counteracted so our weapons iaboratories can be kept young and scientifically
agile. In these ways we think you can plan wisely for the future, whatever it holds.

*Willard, Frank Libby--born Grand Valley, Colorsdo, 1908--Ph.D. (Chem.), U. of Calif. (Berkeley), 1983--Other Hon.
degrees--Stafl Berkeley, 1933-1945--Columbia U. War Ressarch Div., 1941-1945--Inst. of Nuclear Studies, U. of Chicago,
1945-1954~-AEC General Advisory Committee, 1950-1954--member USAEC, 1955-1980--Prof. Chem., U.of Calil.,, Los
Angeles, 1050 to death in September, 1980. Helped develop gaseous diffusion method of uranium separation--invented

_esrbon-14 dating technique--as Commissioner and as member of the GAC urged Civil Defense, the developmant of the Super,
understanding of fallout radiation hazards, establishment of a second weapons 1sb. Many awards, including Willard Gibba
Medal, 1958; Albert Einstein Award 1959; Nobel Prise for Chemistry 1960,
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However, the situation changed as soon as the President announced t-hc‘ moratorium
(August 22, 1958). On that day the President (Eisenhower) sent the following letter: }

Dear Dr. Teller:

1 am today announcing that the United States will suspend nuclear weapons tests for a period of twelve
months and, under certain conditions of progress toward real disarmamaent, continue that suspensiononayear-$o-
year basis. ' »

It will, of course, require an extended period to negotiste and install » genuine and assured dissrmament
"arrangemant. Even though we will not be doing any weapons testing, it will be necesaary that we npsint.in our
.wespons developmant progress during the period and with no less urgency than in the past. It is necessary, in

the interest of our country's defense, that the staff of your laboratory, and that of the other weapons
development laboratories, continue their research and development in this field with their current vigor and
devotion.

1 am instructing the Atomic Energy Commission to develop plans to see that these essentials are met and that
the vitality of our laboratories is maintained.

Similar letters went to McRace (Sandia) and Bradbury.

John A. McCone, by now chairman of the Commission, emphasized to the laborato-
rics on August 22 that they must maintain the capability to return to testing with a
minimum of delay, since the Soviets might not fulfill the conditions set forth by the
President for the moratorium. He furthermore pointed out that Plowshare was not
included in the moratorium, so that experiments on the peaceful uses of nuclear
explosives should be scheduled for firing during the forthcoming year.

In spite of their general support, the Commission worried about laboratory size.
The question was apparently triggered off by the growth of the Sandia Laboratory, but
the discussion usually concerned Livermore and Los Alamos. Libby had the fecling
(carly August) that Los Alamos had grown too large, and that Livermore was at just
about the right size. Budget reductions because of the proposed moratorium were
already being proposed, but on August 27, after Colonel Stewart of DMA® had commented
that "the proposed reductions in weapons budget would adversely affect weapons labo-
ratory personnel,” the Commissioners stated that "any underruns from other programs
would be allocated first to the weapons program." Libby again suggested, on Septem-
ber 17, that the laboratories be held to a limit of 3,000 persons, but no action was
taken because of the President’s statement that the laboratories should be kept at
peak efficiency, and that every effort should be exerted to maintain the morale of
the laboratories.

As the moratorium approached, there was time for one more round. In October
1958, McCone requested that the laboratory directors inform him of the status and
plans for activities of the laboratories during the moratorium. Teller, for Liver-
more, replied with their plans to work on Pluto, increase their efforts in pure
rescarch, continue with Sherwood (controlled thermonuclear reactors), ‘investigate
nuclear weapons using new channels and perhaps methods of testing, study seismic
detection with nuclear or high explosives, look at nuclear experiments other than
testing, weaponize already proven weapon designs, and expand Plowshare. He pointed
out that nuclear explosions might be permitted at high altitude, and that at least
theoretical work and nonnuclear experiments should be permitted. Bradbury, for Los
Alamos, outlined a program, for a short-term moratorium, of weapons development,
improvement in diagnostic techniques, and other means of fyrthering weapons progress
without actually testing, but emphasized that if the moratorium were to continue more
than a couple of years the role of LASL in the national picture was not obvious and

My

*Division of Military Application, AEC.
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should receive very careful consideration at that time. He also pointed out the
possible diversion of laboratory effort to Rover, Sherwood, and Plowshare.

Premoratorium 1958 Nuclear Test Operations

It is not here intended to go into any detail on the 1958 test operations, but
simply to outline some of the interplay with respect to testing that occurred as the
testing community gradually became aware during the year that the moratorium was
approaching reality.

At the begmmng of 1058, five test operations were in sight. Hardtack to be
conducted in the spring at the Eniwetok Proving Ground (EPG) had been approved for
construction by the President, and preparation was well under way. Project 58A was a
small operation in the winter at the Nevada Test Site, to include only a few one-
point detonations. 58B, soon to be called Millrace, would be a small fall operation
at NTS, to include some four Livermore underground tests and several one-point safety
tests from both laboratories. Trumpet would be a full-scale operation in the spring
of 1959 at NTS, in which Livermore inteaded to concentrate on underground shots, but
LASL would continue its undisturbed way with tower and balloon shots. And planning
for Willow, a 1960 EPG series, was just beginning.

Clearly, by this time, Livermore, spurred by Edward Teller, Gerry Johnson,* and
others, was well down the path toward going underground for most of their nuclear,
testing. They had conducted the "Rainier® shot NI a2t 1.7 kt undergroundsu (b
in September of 1957 and were well satisfied with the resuits. In early January,
Livermore planned to fire a shot at 40-kt yield underground in Millrace, and "By €x.3,
increasing the yiclds of devices tested by a factor of 20 or so each time, it is
hoped to .reach the mecgaton range in underground testing by 1959" Teller was to
spend a great deal of effort during )958 attempting .to convince the AEC and the’
President, with some success, that we could accomplish the main purpose of a test
ban, the reduction or elimination of fallout, by going underground. Los Alamos, how-
ever, was less than enthusiastic. Bradbury felt that it was most unlikely that good
yield measurements could be made underground, or that multimegaton device development
could be carried out there.

In addition to the “normal® AEC development shots, planning had started in mid-
1956 by AFWSP, assisted by the AEC laboratories, to include three “high-altitude”

shots in Hardtack. The threc shots were to become Yucca, a balloon-lifted, (D S4-3
S to bc fired at 87,500 feet; Teak, a to be lifted by a Redstone (b
missile and fired at 76 km altitude; and Orange, also a to be lifted by Ly 3

8 Redstone missile and fired at 40 km altitude. The experiments were planned to
document the effects of such shots because of the growing interest in antiballistic
missile systems. The major portion of the:experiments was to be done by the DOD
(radar effects, ablation, etc.), but the AEC laboratories would participate (small
rockets, nuclear and optical measurements).

*Gerald W, Johnson--born Spangle, Washington 1917--B.A. and M.A. Washington State 1937and 1939. Ph.D. (physics)
UC Berkeley, 1947., Navy 1041-1946 (Lt. Commander)--Active duty, AFBWP 1051-1983 (participated in Operstion Buster-
Jangle)--Lawrence Livermore Laboratory, 19053-1981, Associata Director for Plowshare and Test--Test Director NTS mid 50s--
Livermore Task Unit Leader, Operation Redwing (1956). Chairman Military Lisison Committee & Assistant to the Secretary -
of Defense for Atomic Energy, 1961-1963. Raturned to Livermore 1063-1966--Director of Navy Labs, lm-lm--&euury of
Ddenn Rep. SALT and CTD negotistions 1977-1979. Appropriate Navy and DOD awards.
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On January 22, 1958, the AEC approved Hardtack (25 tests) _and Millrage (4 tests
“and up to 10 one-point safety tests), and arranged for execution authonty to be
requested of the President. Approval for Hardtack was received from the President on
January 31, but he did not approve Millrace..

Several complications to the test plans began to appear in January and February
of 1958. As a result of the Livermore conviction that “"clean” weapons were a boon. to
mankind, a proposal was made, and accepted by Eisenhower,. to include a demon.stranon
*clean” shot (Pifion) in Hardtack. The 14 member nations of the U.N. committee on
radioactive fallout were to be invited. They were to be furnished. "samples” of the
radioactive cloud on which they could do their own radiochemistry. CITF-7
‘(Luedecke®) had not yet included this shot in his plans. The idea seemed to be to
convince the U.N. that nuclear tests could be conducted without serious fallout
hazard to the world, and perhaps that clean weapons would not hurt noncombatants.

Late in 1957, N. C. Christofilos, of Livermore, proposed that electrons from a
high-altitude shot such as Teak could become trapped in the earth’s magnetic field,
and offer a possible AICBM** mechanism, in addition to producing an appreciable
amount of radio noise. A long conference, held at Livermore February 10-21, 1958,
and attended, amongst others, by J. R. Killian, chairman of the President’s Science
Advisory Committee, concluded that Teak would not produce serious effects on military
radar and radio systems, but that a properly optimized shot might cause difficulties
for several months. Because of the large uncertainties in the calculations, the
group recommended that a small shot be fired to establish the facts. This was to
become Project Argus. ' '

_ Project 58A had started in December of 1957 with two LASL safety shots. Unfor-
tunately, one of these, Coulomb-C, gave a yield of 500 toms, producing observable
fallout on Los Angeles. The project was completed with the Livermore Venus shot on
February 23, 1958, and Uranus on March 14. ' ' -

Further difficulties began to appear. Teak and Orange had been planned to be .
launched from Bikini Atoll, and construction of the Redstone launch facilities was
mang rapidly on Bikini Island during February and March 1958. The question of a
possible eyeburn problem had been raised during 1957 planning, but was dismissed as
not serious by the DOD planners. However, when the Task Force began to seriously
look at the question ecarly in the year, the answer was not so obvious. By March,
they were convinced that the eyeburn hazard would extend some 350 miles from Teak, an
area including 2,000 to 4,000 Marshallese natives. It did not appear practical to
. the Task Force to control 4,000 natives over such an areca. The alternatives were to

cancel the shots, take the chance, or move the launch point. It was estimated that
moving would take a minimum of five months. Complicating the problem was the fact
that some of the needed measurements were to be made from an Army satellite, launched
. for that purpose during March, which might no longer operate if Teak were delayed the
necessary time to move the launch point. During late March, Starbird urged the

*Alvin R. Luedecke-~born Eldorado, Texas, Oct. 1,1910--B.S. Chem. Eng. 1932, Texas A&ZM College--2nd Lt. Army Field
Artillery Reserves 1032--Wings Feb. 1934 {Kelly & Randolph)--Army Air Force (regulars) Oct. 1988--Military Attachefor Air
. toCentral America 1939-1941--U.8, Air Force Jan. 1947--Exec. Sec. Military Lisison Committee tothe AEC 194B-1949--
. Deputychief AFSWP 1951-1954--Chief AFSWP 1984-1057--Maj.Gen.USAF,CommanderJoint Task ForceSeven 1967-1958,

immediate administrative head of the Hardtack Operation at the EPG--retired from Air Force 1968--General Manager, AEC,
1968-1964--Deputy Director Jet Propulsion Laboratory 1964-1967--Associate Dean of Engineering in charge of research,
Texas AKM, 1967-1970--Acting Pres., Texas A&M, 1970--Executive Vice Pres. for Texas ALM system 1070-1976--retired
Aug. 1976. Distinguished Service Medal--Lagion of Merit (two clusters).

*¢ Anti-Intercontinental Ballistic Missile.
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Commission to approve firing the shot on April 16 as planned, trusting to the Task
Force to protect the natives. But the Task Force had already propose_d alternate
sites (Wake, Midway, Christmas, Johnston). Luedecke, JTF-7 commander, discussed the
problems with the Trust Territory officials, and Louis Strauss, chairman of the AEC,
discussed it with John Foster Dulles. ' Frank Shelton®* AFSWP chief scientist, Al
Graves,** Dodd Starbird, and Herbert Loper, Assistant to the Secrctary of Defense for
" Atomic Energy, jointly agreed (March 2) that it would be wise to move the detona-
tions. On March 22, 1958, "even though he thought the Hardtack test series would be
the last in the Pacific and he could appreciate the need for this vital defense
information, the chairman (Strauss) questioned the element of urgency, inasmuch as
the Commission had known nothing of the development six months ago." In early April,
the Commission decided that they liked Johnston Island (Strauss had been there) and
told Starbird to seeck DOD concurrence on the move and/or concurrence in canceling the
shots. Starbird discussed the point with Herbert Loper, who determined; early in
April, that the JCS did not wish to delay or move the shots. On April 7, 1958,
Strauss and Killian met with State and Defense on the subject. Dulles agreed with
Strauss that any case of eyeburn could jeopardize the rest of Hardtack, and hence the
recommendation was made to move to Johnston Island. On April 9, the President con-
curred, with the usual admonition to hurry. :

Livermore had proposed their 40-kt underground shot in Millrace as a step toward
proving the feasibility of underground testing, but construction difficulties, as
they appeared in February and March, made it appear that it could not be accomplished
in Millrace, but would have to wait for Trumpet. However, by March, two other
pressures were beginning to develop. The Commission was beginning to suspect that
the future held only underground testing, if any, so there was need to gain more
experience with the techmique. Furthermore, the need of further seismic data was
becoming apparent. Thus, in early March, both Starbird and Libby argued the need of
an early (December 1958-January 1959) test at the NTS of at least 40 kt underground.

While the possibility of a CTB was bécoming more real, it still, in early March
1958, was not the only item of concern to the testing system. Over the last several
years, there had been a growing feeling, largely fostered by Livermore, that short-
time "operations” were not conducive to maximum efficiency in bomb development, and

*Frank Harvey Sheltan--born Oct. 8, lm-ﬂm, Arisona~<Ph.D., Calif. Inst. Tech., 1963--Sandis Corp. 1952-1955--
Armed Forces Special Weapons Project 1958-1080--Kaman Sciences Corporation 1950 to present. Participated in blast and
thermal measurements, Operations Tumbler-Snapper, Ivy, Upshot-Knothols. Associated with AFSWP (Kirtland) in
preparations for HA event of 1956. Military effects test planning for Teapot MET (1955). As AFSWP Technical Director
directed planning and arranged funding for DOD effects tests for Redwing, Plumbbob, Argus, Hardtack [ and I1. Participated in
U.K. Buffalo series, Australia, 1956. Participated in decision to move Tesk and Orange from Bikini to Johnston Island.
Aassisted in White House considerations leading to 1958 test moratorium. Prepared test plans for Willow, including planned
high-altitude events. Assisted in formulating high-altitude test plans for Dominic (1962), and participated in tests.

*®Alvin Cushman Graves--born Washington, D.C. 1909-<Ph.D University of Chicago, 1939--U. of Texas, 1939-1941--U. of
ChicagoMaet.Lab., 1941-1942--Los Alamos 1943-1965. Participated in first nuclesr reactor construction and operation at Stagg
Field 1942--moved to Los Alamos with first group from Met. Lab. 1943--operated displacement seismographs at Trinity--Group
leaderM-4 (electric method) 1945--Associate Division Leader M Division 1946--involved inmajorradiaton acgident (over 200R)
whilein M Division--Associste Division Leader of temporary J Division for Operstion Sandstone (1947-1948)--Division Leader,
J Division 1948-1965--Deputy Commander for Scientific Matters (or varistions of that title) of Joint Task Forces 3, 182, and
7, Operstions Greenhouss, Ivy, Castle, Redwing. Scientific Advisor (or similar title) to the test manager, all Nevada Test
Site operations 1951-1965. Decessed 1965. Exceptional Civilian Service Award, Air Forcs, 1951--Cartificate of Achievement,
Army, 1954--Distinguished Service Award, FDCA, 1958--Senior Reviewer, AEC--Fallow, American Physical Society.
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that "continuous” operations should be considered.  Starbird began to investigate

this subject by inquiring of the laboratories as to their opinions on continuous
operations at the EPG with intermittent underground shot; at the NTS, as opposed to
continuous operations at the NTS and intermittent large-yield shots at the EPG: Ken
Street for Livermore and Bradbury for LASL both preferred continuous operations at
the EPG with intermittent operations at the NTS, but Bradbury again expressed his
unhappiness at the underground concept for the NTS. )

Other evidences of the growing pressure to get problems solved while there was
still time appeared in March and April 1958. The DOD, following their growing
interest in x-ray effects, were contemplating the design of an underground x-ray
simulation shot nd began conversations
with Livermore and Sandia concerning a forerunner experiment that might be done on
the proposed to establish some of the techniques. Liver-mor_e,
represented by Gerry Johnson, needed an immediate commitment (April 3), while Sandia
simply did not have the effort for a fall experiment. _

Now that Teak and Orange were delayed, Commissioner Libby, who was trying to
keep worldwide fallout from Hardtac
warheads for those shots be replaced
might be available by 1960.

The Air Force iroiosed iMarch-April) that systems tests of the Nike Hercules and

be conducted as soon as possible. Since it seemed too
late to get the shots into Hardtack, they proposed that the shots be done at the NTS.
The Commission felt that the NTS was too small to be shooting nuclear weapons at
drones, so the Air Force proposed Eglin Air Force Base, which was accepted as a basis
for study. .

The Argus concept began to take hold. As a result of action by the Armed Forces
Policy Council on March 11, Livermore was directed to .undertake the necessary further
theoretical work and to submit recommendations as to the nature of any nuclear test
to be conducted. In order to effect close coordination bctween the Department of
Defense and the Atomic Energy Commission on the subjcct, the Dcputy Secretary of
Defense on March 24 designated AFSWP the responsible agency for the DOD, in coordina-
tion with the Advanced Research Projects Agency (ARPA). By memorandum April 4, the
Deputy Secretary of Defense assigned the overall responsibility for the management of
this rescarch and development program for the DOD to the Director, ARPA. During
March, the conclusion was reached that it was practical to conduct the experiments,
but because of the uncertain future of nuclear testing, the experiments should be
done quickly, not as a part of Hardtack, but rather in the Atlantic, with a ship-
based launch. The requirement was for 2-10 kt at 500-800 miles altitude and 30°-45°
geomagnetic latitude. The Commission approved the concept in principle during April,
but worried “"that if the shot were carried out at the proposed location, the U.S.
would not be in a position to object to weapons testing by the US.S.R. in interna-

- tional waters.” Teller informed Starbird that thcre would be no eye damage to

observers and, in fact, there would be no perceptible cffccts at sca level. On May
1, the President approvcd the nuclear test, to bc called Argus, to be conducted
before the end of Hardtack, and specifically before Scptember 1, 1958.

) On April 28, the first shot (Yucca) of Hardtack was fired. Prcsidential pressure
had led to an initial proposed finishing date of late June, but now, because of the
move of Teak and Orange, late August appeared to be the earliest possible end of
Hardtack. Additional shots were beginning to appear for Hardtack, but the only
further solidification of plans for Millrace was the statement of the intended
starting date, September 15. Livermore concluded that by really pushing construc-
tion, they might get a 40-kt underground shot ready by November or December, but
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otherwise the largest shot planned was 5 kt LASL still planned only a few one-
points. The Commission, on April 16, asked its GAC* to consider the qucstnon (at
their May 5-7 mecting) of how testing might be conducted if only underground testing
were permitted. They approved a number of 20- to 40-kt underground shots for Trumpct
(early 1959). The crisis had not yet been recognized.

May 1958 was a comparatively static month. The laboratories and ficld staff
organizations were up to their ears in actually conducting Hardtack and preparing for.
Millrace. LASL had finally broken down (largely as a result of the furor about
fallout on Los Angeles from the December 1957 one-point shot) and decided to try some
of their proposed Millrace one-point shots underground. Contracts were let to pro-
duce the holes (36 inches by 500 feet) between June 8 and July 19, so that, under
pressure, operations could start as early as August ]. Tunnel work for Livermore
continued. The Commission declassified certain information about Pifion, which was
now definite, even though the Task Force had not figured out how to handle the
foreign observers. They also approved the Eglin tests, to be conducted by the DOD
with AEC review of safety and operational plans. Dulles had stated that such tests
should be finished by September 1, in view of a possible moratorium, and Starbird
worried that accelerating too many weapons tests to meet a September date might tip
our hand internationally, making us appear over-anxious to enter a moratorium. The
laboratories requested two definite additional shots for Hardtack and one contin-

ency. The Commission worried about the President’s concern with additional fallout
hbm concluded that he might accept
the additional shots, since Hardtack might be the last test series. They requested

(May 28) the additional shots, and also requested approval for Millrace. If Millrace
were not to be approved, then they requested two more Hardtack shots, one to be a
onc-point safety shot. No additional Millrace tests (except for the 40-kt under-
ground) were yet contemplated.

The picture began to change in June, howcvcr. J. B. Fisk, R. F. Bacher, and E.
O. Lawrence, now appointed by the President as U.S. delegates to the "Conference of
Experts,” discussed with Strauss the urgent need of scismic data from a larger
underground dctonation than Rainier, and were told that such a shot might be possible

in October. The field tcst system started another round of "what can we do?" discus-~

sion immecdiately. Libby (June 12) offered the opinion that some of the disappointing
results from Hardtack were coming about because the laboratories were not properly
studying data from earlier experiments, but since Hardtack might be the last test
series, any tests the laboratories now considered important should be carried out

suascs
(6)(
Ex.3 .

without regard to the number of shots. Starbird moved rapidly, askmg the labora- .

tories on June 13 to consider finishing Millrace by November, assuming no monetary
limitations. Bradbury, Teller, and Hertford*®* (ALOO) all answered that they could
mect the date, assuming extra funding. By the 18th, the President had approved the
additional shots to Hardtack, and had approved Millrace, requesting that it be ac-
celerated to begin before the end of Hardtack. ‘'LASL now began to take the moratorium
possibility more seriously, and suggested to Starbird that a new set of tunnels to
allow some full-scale LASL shots in Millrace might be practical. Starbird said to go
ahcad, and by the end of June, the decision to start two LASL tunnels had been made,
even though it was estimated that the 3,000-foot tunnels could not be completed
beforc December.

Task Force 88, commanded by Rear Admiral Lloyd C. Mustin, was activated for
Operation Argus planning purposes June 2, 1958, and for operation on July 4.

*General Advisory Committee
**Kenner F. Hertford, Manager, Albuquerque Operations Office (AEC).
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On July 2, 1958, Eisenhower told State to inform Mcxico_and Cuba of the possible
Eglin shots, with the comment that if cither government objected, the tests would be
reconsidered. The operation was canceled on July 24, 1958. o )

By now (July 1958), the system was moving in all directions. Commissioner Libby
had forced the movement of at least one EPG shot to "reduce” worldwide fallout,* the
Pifion shot to demonstrate weapon cleanliness was coming closer, the possible morato-
rium was becoming more real; and Teller was convincing the Commission to argue .for a
treaty limiting testing to underground only, rather than a moratorium or CTB. The
word was going around that only underground testing would be aillowed from now on, and
Kenner Hertford (ALOO) proposed that in order to guard against Millrace being can-
celed, it should immediately be publicly announced as an all underground operation.
The laboratory directors and Starbird had a go-round on the subject in mid-July.
Starbird had just informed the directors that Trumpet (spring 1959--NTS) would have,
in his planning, about 18 shots (Bradbury was worried .that Teller would want more
than nine, but was uncertain as to whether to arguec about it or not, because he was
not sure LASL needed even nine). Teller (July 11) felt that DOD, Plowshare, and
safety tests should all be separated from weapons tests and that all 1959 weapons
tests should be underground (although, were the decision different, Livermore would
do a few above ground in order to conduct “"special® diagnostic experiments). Brad-
bury and Graves resisted, but were willing to move toward underground and balloon
shots, eliminating tower shots. Starbird (July 17) agreed with both, but would not
go along with an immediate limitation to only test underground, suggesting instead
“to limit our testing to the degrec possible without impeding weapons development.”
At a lower level, LASL J-6 canceled their tower construction plans for 1959 and began
working on six underground locations. Reflecting the now real pressure, LASL tunnel
construction was halted (presumably temporarily) since the proposéd devices could not
be ready before December. Bradbury’s information was now (late July) that Millrace
would have to be finished by November 15. The LASL test division reaction to all
this was relief at not having to rush underground for Millrace, and disappointment at
having to do "expensive” testing underground in 1959, _

With the additional shots and the move of Teak and Orange, Hardtack was begin-
ning to stretch out, threatening to become a possible embarrassment with respect to a
moratorim, and eating into the time that the test experimcnters had to prepare for
Millrace. Lucdecke, JTF-7 commander, who had just been approved as the next AEC
General Manager, pointed out (mid-July) that the intended “"open™ clean shot, Pinon,
would stretch the operation an extra two to three weeks. Starbird, on July 10, in
Strauss’s last few days as AEC chairman, suggested reappraisal of the program. Some
3-4 million of the ecstimated 10 million dollar cost of the program could still be -
saved. Six of the fourtcen nations invited (Sweden, Brazil, Canada, Bclgium,
Australia, and France) had accepted, but the Soviet Union, Czechoslovakia, and India
had declined. The Commission agreed it should bc canceled. But a weck later, at
John McCone’s [irst Commission meeting as chairman, the subject was chcwed over
again. The OCB (Opcrations Coordinating Board), including State and CIA, were all
opposcd to canceling the shot, on the basis that it would be embarrassing to the
President, and that thcy felt the AEC had not told them all the real rcasons for
canceclling the shot. The Commission (July 17) changed its mind, agreed that the
demonstration should be held, but asked Starbird to try to get Lucdccke to accelerate
. the shot. On July 26, the President canceled the shot. :

*During Redwing and Hardtack I; Libby tried to reduca the solubility of radioactive fallout by arranging that large
amounts of silica sand be emplaced within the fireball region of Pacific shots and/or srranging that the shots be on a coral
reef. If the solubility could be reduced, the hazard of ingestion would be lessened. No effect was noted.
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Teak was fired on August 1, 1958, and Orange, the othcr ma jor h;gh-alutudc shot
of Hardtack, on August 12. Both detonations occurred at the wrong position in space,
and, due to cloud cover, the detailed photographic coverage was almost nonexistent.
Hocrlm‘ on behalf of LASL, managed to get a request for a repecat of Teak through
channcls to Starbird even though the DOD said they were satisficd with the results,
but the argument was not sufficiently convincing, and (August 14) the request was
denied, Starbird agreeing with the DOD decision. (In retrospect, considering the
surpriscs of Dominic, one can speculate on the probably strongly different coursec of
events had the Teak repeat been approved.) At about this time, it became obvious
that Argus could not be finished by September I, and .the deadline was extended to
October 31.

In spite of all the flurry, in early August the plans for the Millrace opcra-
tion, to begin September 15 or earlier, still had not changed significantly, Liver-
more still intending to do a few low-yield shots underground, and LASL intending to
do a2 few one-point safety shots,

On August 18, the last shot of Hardtack, Fig, was fired. Instead of the origi-
nally intended 24-25 shots, some 35 detonations took place during Hardtack.

Four days later, the roof fell in. On August 22, President Eisecnhower announced
a onc-year moratorium to begin October 31, 1958. As Bradbury put it, "It was time
for the troops to fall out and fall in again" This time the initial question from
Starbird to Teller, Bradbury, and Hertford was by telephone: "Give me the possibili-
ties for tests than can be conducted at the NTS before October 31 as soon as possi-
ble."** The laboratories, after conferring with ALOO and other parts of the test
organization, answered on the same day. LASL had just been given the responsibility
for the XW-38, 3,000-pound, (I CBM warhcad, a decision still dcbat-
able to Livermore, and proposed to do it by October 10 at the EPG. In addition, they
could bcgin one-point safety tests at the NTS within three weeks, and offered a
further list of low-yicld devices of interest to the military that might be accomp-
lished by the deadline date. They proposed to fire, in general, in the atmosphere,
by any mcans that could be arranged. On the other hand, Teller answered that Liver-
more could finish out its work underground. Starbird put it together quickly, and
managed to get out the same day the information that Millrace would now be called
Hardtack Phase II (for political reasons), that it would include as many as nine
small nuclear tests at the NTS, probably one shot at the EPG, and up to seven onc-
point safety tests. He directed that as many (pertinent) shots as possible be fired
by October 31, postponing research, development, and production where necessary. He
could not resist, however, telling the laboratories that they must be prepared to
reinstate Trumpet at any time, and to continue planning for Willow at the EPG in
1960. The final words were, "We should eliminate projects directed toward conducting
operations with greater economy, capacity, or content at cither location” (NTS and
. EPG). , ,
The next few days saw further solidification. On the 25th, Starbird listed
seven tests for Livermore, but showed three as balloon tests, explaining that there

*Herman _Hocrlin--bom 1903, Schwasbisch-Hall, Wuerttemburg, Germany--Ph.D. Stuttgsrt--immigrated to U.S.in 1938,
naturalised in 1944--Chief Physicist, General Aniline and Film Corp., Binﬁhunton, N.Y., 1088-1953--Los Alamos Scientific
Laboratory 1983-1973--visiting professor, Cornell, 1959 to 1980--retired 1972. As Group Laader of J-14 and later J-10,
participatedinall U.S. stmospheric test operations from Upshot-Knothols to Dominic with the axception of Argus. Concentrated
on fireball yield, optical, and high-altitude phenomens. LASL Task Unit Commander for high-altitude shots, Hardtack and
Dominic. First ascent of 24,500' Tongsong Peak (Tibat Nepal) 1930 (huhut peak climbed to that date). (Ed. note:
Deceased 1983.)

**Inferred quots.
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- was no necessity to limit the tests to underground as yet. On the 26th Bradbury
reaffirmed LASL intent to do the ICBM warhead at the EPG, but warned that the date
was already slipping. On August 28 the President approved an-accelerated Hardtack
Phase 1I, but disapproved any further EPG shots, wiping out the XW-38 test.* The
next day, McCone and McElroy (Secretary of Defense) publicly announced Hard!ack Phase
I1, describing it as about ten low-yield nuclear detonations, several of which would
be underground. But Sandia®* was already moving rapidly to prepare for balloon
shots. 4
The first Argus shot was fired August 27, 1958, not particularly satisfactorily,
being followed quickly by the second on August 30, and the third on September 6. The
"Argus” effect was not so serious as feared. ]
, The Nevada Planning Board met on September 9, 1958, at Mercury, Nevada, being
chaired by Duane Sewell*** of Livermore. The plan for Hardtack Phase II discussed
was for six tunnel shots, one tower shot, up to four balloon shots, and several one-
point safety shots. Among the agreed upon assignments were: Jim Reeves, Test Mana-
ger: Gerry Johnson, Deputy Test Manager; Duane Sewell, Scientific Advisor; Col. W. S.
Hutchinson, Deputy for Military Matters. :

Hardtack Phase 1I was a wild operation. It began September 12, three days
before the earlier planned date, with a LASL onc-point safety shot, Otero. Instead
of the earlier planned four underground and seven one-points, there were 37 detona-
tions in all. The largest underground detonation was Blanca, at 19 kt. The detona-
tions took place underground, in the air (balloons), on various height towers, and
even in "Gravel Gerties." The laboratories even traded firing sites on occasion to
move faster. The last shot was Titania, a Livermore detonation, at [:34 p.m. on
October 30, and one shot, Adams, was left hanging in the air as midnight, local time,
went by. The period was one of continual changes, requests to the President, DOD
proposals, etc. . .

But the operation seemed hard to kill. On October 28, since the Soviets had
indicated that they might continue their testing beyond October 30, Starbird asked
the laboratories for plans to continue testing beyond October 31, what could be done
in three months, six months, etc. Bradbury (LASL) came close to rebellion, pointing
out that it was time to quit for a while and survey the situation, politics or no
politics. He did weakly mention a few things that could be done, if really neces-
sary. The October 31, 1958, mecting of the AEC resulted in the following note:

Suscss.
BE
€x. 3,
owever, in the afternoon, when the test wasscheduled, the atmospheric conditions weresuch that some
blast damage would have occurred over the Las Vegas area and so the tast was delayed. At 11:00 p.m., the D . 0. E

’

*The WS3B, reassigned to Livermore, antered the stockpile in 1961-62 and was retired in 1965. The W38 was never
tested.

**Sandis Laboratories, Albuquerque.

***Duane C. Sewell-born Oakiand, Calif. 1918--Graduate student under E. O. Lawrence at Berkeley 1940--
Manhattan Project, Oak Ridge (Y-12) During WW1l--Assisted in development of 184" cyclotron at Berkeley, 1946-1950--
MTA acceleratordevelopment of Berkeley 1950-1952--Became Director of Scientific Operationsof UCRL (Livermore)in 1953--
Senior operational member from Livermore for Oparation Upshot-Knothole, 1953--Managed Livermore's nuclear test
operations for Castle (1954), Teapot (1955), and Redwing (lQSG)--Si:icntiﬁc Advisor to the Test Manager for l-!ard'hck.
Phase 11 (1958)--Associate Director of LLL for support, 1959--Deputy Director LLL, 1978--Asst. Secretary for National
Security, DOE, 1977 to 1980. - U.S. AEC Citation, 1971.-ERDA Distinguished Associate Award, 1977..
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westher seemed to be clear and an additional high-explogive test was held to determine the blast prcd:ctlon
This indicated that the last shot could safely be fired and a test was scheduled for 11:30 p.m. and Gcnenl
Starbird said he approved proceading with the test at that time. Subsequently, the weather changed and it was
decided the test would have to be delayed until 2:00 a.m. Starbird said he then conferred with Department of
State officials and was told that U.S.-U.S.S.R. discussions were scheduled to begin in Geneva at 9:00 a.m., EST,
October 31. He stated he decided at this point that in view of the probable political and psychological reper-
cussions of holding a test at this late date the final test should be canceled. Starbird said there will always usc 553-
be a question as to whether the final shot should have been fired in view of its importance
— but that he balieved that the otherconsiderations were of overriding importance. The Commis- - C b) (3)
sioners unanimously agreed that General Starbird had made the right decision in canceling the final test. EX 3 D 0.

Plowshare

Concepts concerning the possible use of nuclear explosives for nonmilitary
purposes were discussed even before the first successful nuclear detonation. How-
ever, the program really began to move in the late 1950s with the establishment of
the Plowshare (or PNE, Peaceful Uses of Nuclear Explosives) program, largely pressed
by the Livermore Laboratory (then UCRL). Since the program grew at the same time as
the worldwide pressure to ban nuclear weapons tests was growing, scveral emotions
contributed to its approval. The program, if successful, would counteract the fear
of nuclear detonations to some extent. It would (or would not, depending on the
debater) allow some investigation of nuclear explosive design,. especially clean
design, under a nonweapon guise. It might actually be of some value to the human
racc. But most important, in the light of the subject of this book, it might be
helpful toward keeping nuclear explosive desngn and cxperimental work continuing
during a moratorium or test ban period.

In early 1958, whatever the reasons, anermorc and DMA were attempting to expand -
the program, with some help from Sandia, but essentially no interest on thc part of
Los Alamos. The main promoters at Livermore were Edward Teller and Gerry Johnson.
Agreement had been reached with the Commission that the first attempt would be to
conduct a harbor excavation experiment near Point Barrow, Alaska, in mid-1959. A
four million dollar 1959 budget was approved in April (1958) for that purpose. In
addition, conceptual planning was beginning for industrial application tcsts directed
toward power production, mining, and isotope production. By May, the estimated cost
was alrcady up to seven million, and Starbird was looking, without success, for ad-
ditional funding from the Departments of Interior and Defense. By June, the harbor
project had been named "Projcct Chariot,” no site had bcen chosen, but the detonation
was now delayed to the second half of 1960. A second dcfinite project, "Grome," at
10 Kkt, to investigate power production, was now planned for early 1960 in New Mexico.

The August 22 announcment of a moratorium engendered a strong defense of Plow-
share. On August 28, Teller wrote to Eisenhower and McCone, "All of us are anxious
that the great possibilities of using nuclear explosives in peaceful pursuits should
be fully exploited. We feel that if we do not succeed in carrying through this work,
the United States will, in the long run, suffer in its power and its influence in a
decisive manner.” McCone answered the next day, * ... The Commission believes that
Livermore and LASL should give a high priority to this projeé¢t. . .. Useful experi-
ments can be scheduled . . . during the year's suspension (October 31 1958-October
31, 1959) as well as for later periods. I request that your revised program be
submitted. ..."

By October, Tcller had. convinced the Commission that Plowshare work should .not
be confused with nuclear weapons work and had increascd the scope of Livermore
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studies to include the following items:

a channel through the reef at Kapingamarangi,’
a harbor at Cape Thompson, Alaska,

a harbor at Katalla, Alaska,
a sea-level canal across the Alaska Peninsula at Port Moller,

oil excavation for Tar Sands, ‘
a second power and isotope production-type ;hot,
the creation of artificial aquifers,

mining by leaching, and

excavation of oil from oil shale.

mTEmeAn o

He further assumed that Gnome would be fired in FY 1959, and that three other
experiments would be conducted in FY 1960, all to cost 5 million dollars in FY' 1959
and 14 million dollars in FY 1960.

In mid-October, McCone suggested that the Operations Coordinating Board estab-
lish a Plowshare Advisory Subcommittee to stimulate wider interest in the program.
But by the same time, the question of how to conduct "open” Plowshare shots under a
treaty, convincing others that these. were not really weapons tests, and still not
revealing weapons design data, had already raised its ugly head. No immediate answer
was obvious. McCone commented, however, on October 15, that "any competent scientist
in the weapons field could determine simply from obscrving the instruments whether
they were intended to record a weapons or a Plowshare test.”

Nevertheless, Livermore entered the moratorium with this actxvc, apparently
funded, program that could "legally® keep some of their design .and experimental
people busy for a while.

Low-Yield Testing

Another concept that showed some initial promise of helping the nuclear weapon
design and testing community came up not long before the moratorium began. Again,
the question was raised by Edward Teller, who was convinced that the Russians would
cheat, if possible. He therefore argued that, in essence, any test that was not
. detectable should be legal. On August 29, 1958, he wrote to Starbird that, as a
general rule, any experiments with designs in which the nuclear energy production was
not more than the energy production by the high explosive were obviously not tests of
the nuclear weapons and should be permitted as experiments. Furthermore, since tests
of a kiloton and smaller could not be detected and identified, he suggested that
"explosions of military significance below a limit of at least 100 tons be permitted.
These explosions will be important for our future weapons development.” He further
suggested that any future international agreements should not prohibit tests, but
should simply put a limit on the effects. During this time, he also made the point
that one-point safety shots could not be considered nuclear tests.

Starbird answered (September 4), agreeing that one-points were not tcsts that
planning should continue to conduct such experiments, but that Presidential approval
would be required. Yields would have to be limited to a few pounds or less. How-
ever, he felt that announcing that 100-ton and below tests were legal would not be
politically acceptable, although he would take it up at a higher level. Starbird
followed up, and informed Teller and Bradbury a little later that the U.S. would
strive in the forthcoming negotiations for authorization to conduct safety tests up
to a yield of 10 tons, and hydrodynamic tests with nuclear material, but producing
zero yield. The idea was that the safety tests might produce a small nuclear yield,
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but would just be conducted for safety reasons, not to develop new weapons. The
hydrodynamic tests might be valuable to weapons development, but would not produce
any yield.

vy Bradbury commented (October 13) that a oné-point test rcsultmg in a nuclear
explosion of any yield would violate the spirit of the President’s moratorium, that
diagnostically one-points could not be distinguished from any other explosion so that
pohcmg would be essentially unposs;blc, and "From the general philosophical point
of view, we believe that if a moratorium  is worth entering at all after consxdcrmg
the balance between technical loss and diplomatic gain, this balance will not be in
the least changed by the trivial addition, even if one knew how to enforce it or make
it - effective, of a one-point safety test program." Furthermore, he suggested that
the question of hydrodynamic tests not be brought up at all, since they would produce
no nuclear yield, but "we, of course, intend to pursue weapons development by any
means we can which does not involve nuclear explosions.”

On October 16, Teller included in his laboratory plan one-point saf cty shots and
experiments using nuclear materials but not leading to a nuclear yield.

' While the argument shows in the higher-level record only late in the game,
Livermore had done their homework. They had carly in 1958 requested the AEC in Las
Vegas (Max Smith) to study the design of a vessel -to hold an explosion as large as
300 pounds of H.E., with provision to recover active fissionable material. Appreci-
able work had been done on the design by the time of the moratorium.

Teller raised similar points during this period with respect to undetectable
deep space testing. Were one-points to be allowed during the moratorium, many of the
test capabilities could be exercised and maintained. A

Physical Test Readiness

As might be expected, actual moves toward establishing a postmoratorium readi-
ness to test were rare up until the time (August 22, 1958) that the President an-
nounced the moratorium. After all, there were at least two proving grounds in
operation, competent people were alrcady in the system, and the moratonum ground
rules had not been established.

The first formal moves came, not surprisingly, from within the testing organiza-
tions themselves. In ecarly May 1958, AFSWC (Air Force Special Weapons Center) began
to prepare a plan for their operations in the event of a moratorium. AFSWC furnished
the major effort for TG 7.4, the Air Task Group of the Joint Task Force operating at
the EPG. They also furnished air support for NTS operations. They (Col. James F.
Crosby) concluded that their job would be to support operations at cither test site
on six-months notice, and therefore the 4950th Test Group would reduce to half
strength, and keep its space. The 4926th (sampling) would be needed to monitor
possible foreign tests, and hence would stay at full strength. The 4951st, at
Eniwctok, would have to maintain capability at Eniwetok and hence would stay at full
strength, The 4935th (NTS) would stay at full strength for similar reasons. The
4952nd would be reduced to one office and one man. Little did they know!

Col. Wignall (Deputy Commander, Task Group 7.4) worried (May 19) about even this
much reduction, at least for the: first six months, and. suggested that some effort
could be used preparing a detailed record of the procedures developed over the years
of testing. Col. Kieffer, Commander, TG 7.4, had digested all this by July 30 and
recommended to Luedecke, Commander, Joint Task Force 7, that no reduction below
normal testing interim levels be accomplished, on the assumption that a six-month
readiness after November 1959 would be required.
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Barney O'Keefe,* at Edgerton, Germeshausen, and Grier, Inc., proposcq (June l7
1958) a basic policy to the company. He first stated, giving the appropriate politi-
cal reasons, that it was a virtual certainty that a moratorium would be declared, and
assumed October 1, 1958, as the magic date. He then predicted that the contractors
would be told to maintain a six-month readiness to test, with the immediate conse-.
quence that the AEC would stop procurement on items of less than six months lead
‘time, and would insist that personnel in slots that could be filled in sixty days or
less be fired. He further assumed that facilities required for the test program
could no longer be justified. He then proposed an 1l-point program to meet the
situation, including restricting hiring and facility procurement, dcv_cloping a}_tcr-
nate programs, and vigorously entering into a readiness program, assuming Starbird’s
and Hertford's cognizance of their situation. The plan was followed, and. in 1961},
EG&G was there to help.

CTG 7.2 (US. Army Col. Stanley Sawacki) suggested to Luedecke (August 4) that
TG 7.2 also would need its normal interim joint table of distribution if a six-month
readiness after November 1959 were required. But he also suggested that TG 7.2 be
climinated, with -its functions being picked up by other Task Groups. His interim
joint table of distribution was 1,100 personnel.

The Air Force Scientific Advisory Board, the membership of which included Harold
Agnew, John Foster, Dave Griggs, Al Latter, and Edward Teller, took up the subject on
August 8, 1958. They recommended, "Planning for future tests should be conducted in-
tensively and' with periodic reviews” They did not mention funding for the field
organizations.

The subject got a lot more attention on and after August 22, however. On that
-date, Starbird started down the path that was to so infuriate the laboratories over
the next three years. Stating that we should be prepared to revert to tcsting on
short notice if the situation warranted, he went on, "We should be prepared to
reinstitute Trumpet at NTS limiting major expenditures to those essential to readi-
ness, and approved individually by DMAS** and include in our plans the possible
conduct of a spring 1960 series in the Pacific. Our budget should be based on and
tailored to such an approach.” McCone wrote to Teller (August 29), "Your efforts
should be so oriented that, in the event the test suspension is not extended or is
canceled, we can revert to testing and ensure consequent advancement of our de-
velopments with a minimum of delay.” '

On Scptember 8, Ogle (then Scientific Deputy, JTF-7) wrote to Luedecke, dec-
fending the continued participation of military personnel in Task Group 7.1. Over a
hundred people were involved. '

Other parts of the system began to respond, in spite of the prcssure of testing.
Jim Reeves,*** Nevada AEC, met with Holmes & Narver, Inc., on September 19 to help

*Ed. note: Bernard J. O’Keefe has been Chairman of the Board, EG&G, Inc., since 1972.
**Emphasis added.
***James Edson Reeves--Born Atkinson, Illinois, 1906--M.S. Hydraulic Engineering, Univ. of lowa, 1930--Army
Corps of Engineers (civilian) 1930-1952 except for a year {1944-45) at Tennessee Eastman (Oak Ridge), Mississippi River
nine-foot channel 1930-1938; third lock for the Panama Canal 1938-1042; trans-isthmus sea-level canal 1942-1948; Greek
rehabilitation projects 1949; flood control, navigation, and military construction in the Pacific northwest and Alaska 1949-
1952--Deputy Director, Office of Test Operatioms, Albuquerque Operations Office of the AEC, 1952-1953--Director of the same
office 1953-1957--Assistant an&crtof!'icld Operations, Albuquerque Operations Office of the AEC, 1957-1962--Manager,
. Nevada Operations Officeof the Atomic Energy Commission, 1963 to Dec. 31,1088--Assistant Test Manager, Upshot-Knothole
(1953)-~Test Manager, NTS, 1955-1968--Participant, Operationlvy, Eniwetok Proving Ground (1952)--Commander, Task
Group?.5,EPG, 1955-1958--Commander, Task Group8.5, Dominic, 1982--RetiredDec.1968--Army Certificate of Appreciation
1954--AEC Honorary Suparior Performance Award 1959--AEC Distinguished Service Kvardi%l.
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them put together a "state of readiness” plan for Eniwetok. Based on ALOO guidance,
they planned for a capability to resume full-scale testing in nine months, and
developed the costs, H&N personnel, and procurement necessary. But the situation was
still confused. Reeves wrote to Graves (September 29) that, "As you can undoubtedly
appreciate, we are in a state of considerable confusion regarding the degree of
' preparedness for testing which we will maintain following the moratorium, if it comes
to be on October 31." Starbird had given him, verbally, three criteria:

But he (Reeves) pointed out the second major difficulty of the next three years by
commenting that the Burecau of the Budget was already tying up most of the construc-
tion funds for the two test sites, and putting on pressure to reduce the maintenance
and operations costs. S

Eisenhower sent 2 message to Congress on April 3, 1958, proposing reorganization
of the Department of Defense. For the next five months, AFSWP was busy trying to
help define their own future, and had little time to comsider "readiness” They did
their homework well enough that when asked for their views on August 6, they re-
sponded within a week with the plan that was to lead to the eventual establishment of
their follow-on agency, DASA (Defense Atomic Support Agency).

Nevertheless, on October 1, 1958, Chief AFSWP (Rear Adm. E. N. Parker), for-
warded his intentions to the Assistant Secretary of Defense (R&E) as follows:

a. AFSWP intends that test planning during the suspension period be directed towards conducting an overseas
operation first, when the iu-pcmion is Jifted.

b. AFSWP hasrequested authority to expend funds from $2,000,000 aiready allocated in the FY 1959 budget for
preliminary planning for Operation Willow. AFSWP has tentatively estimated that an additional $4,000,000

will be required in FY 1959 for preplanning Willow. 5_ USC. s52 ( ‘ ) (l

c. First-priority high-altitude requirements: -
, Exemtrion L, D.

requirements: Desirable, but of lower priority are:

APPLICATION OR REASON

- v gm m g -
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He further suggested that interest would be shown in another set of experiments,
which he had not yet coordinated with the services, as follows:

b. Second-Priority Requirements’

c. Third Priority

One of the earliest moves toward a different way of thinking came when Don
Shuster® (Sandia), then Commander, Task Group 7.1, wrote to Luedecke recommending a
captive balloon shot facility at Engebi (EPG) to reduce the costs of maintaining a
readiness capability and to shorten the time from notification to operational status.
LASL and Livermore were not particularly enthused. Luedecke forwarded the suggestion
to the JCS and to McCone with the recommendation that the capability be developed and
maintained during the moratorium. Starbird asked ALOO to consider the proposal, and
provide funding estimates if they concurred. ‘ '

Luedecke, soon to be General Manager, AEC, asked Ogle (October 21) to comment on -

his intended recommendations to the JCS and AEC concerning the possible capability to
resume nuclear testing. Luedecke first reviewed the political situation, commenting
along the way that:

Our experience indicates that the U.S.S.R. will resumae testing at such a time as the Kremlin considers that it .
is in their best interests to do so, progress of negotiations or agreements notwithstanding. Howaver, it
appears possible, or even likely, that their interests would best be served by cooperating in negotiations to
the extent necessary to cause the United States to refrain from testing for an extended period of time.

He proposed that the AEC and DOD could maintain a capability to conduct a limited
number (3-4) of proof tests at both test sites within three months, and 10-12 devel-
opmental tests within nine months, if (a) continuous plans were maintained; (b)
continuous capability to activate a test organization were maintained; (c) necessary

*Don B. Shuster--born 1921, Santa Fe, NM.--Attended New Mexico Military Institute--U.S. Army, 1941-1946--joined
Sandia Laboratories, 1946--Manager, Instrumentation Department, 1951--Full Scale Test Department, 1955--Director of
Field Testing, 1958--Director, Aerospace Programs, 1963--Director, Specisl Projects, 1965--Director, Advanced Systems
Development, 1966--Director, Exploratory Systems Development, 1968--Director, Exploratory Project, 1973--Director,
Advanced Planning Analysis, 1973--Director, Exploratory Weapon Systems, 1975. In charge of High Resolution Telemetry,
Operations Ranger and Greenhouse {1951)--Cryogenic Monitoring Instrumentation, George shot, Operation Gresenhouse--
High Resolution Telemetry, Operation Buster Jangle (1952)--Commander, Sandia Task Group, Operation Redwing (1956)--
Associate Test Director, Operstion Plumbbob (1957)--Commander, Scientific Task Group (7.1), Operation Hardtack (1958)--
Deputy Scientific Deputy, Joint Task Force Eight, Operation Dominic (1961-1962).
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plant, equipment, and funds were adequate; (d) provisions were made for “normal
service support” by appropriate AEC and DOD agencies; and (¢) studies were conduc;ed
of alternate means of conducting test operations to effect simplification and econo-
my. He went on to recommend that the JTF-7 responsibilities be assigned to AFSWP (he
came directly from AFSWP), who would work closely and continuously with the AEC on
these subjects. He recommended deactivation of JTF-7 and its subordinate units. EPG
would be taken care of by the AEC. He recommended that the U.S. maintain a capabili-
ty to test within three months. -

Ogle could not see the broader points, and could not stand the idea of AFSWP
being responsible for future test planning (they might not even exist six months
later). He proposed that the important items were the maintenance of the AEC labora-
tories and AFSWP, the proving grounds, and the appropriate communication channels,
but that a central active planning organization was of secondary importance and, in
fact, would bore the people "involved in the continuous and thankless job of main-
taining "war plans" that must be changed continually and may never come to fruition.”
He strongly urged a point of view that AEC diagnostic measurements were up to the AEC
and its contractors, and were not within the cognizance of AFSWP. Two years carlier,
Luedecke as Chief, AFSWP, had been trying to convince Ogle that AFSWP measurements
were none of the AEC's or Task Force's business. Depends on your point of view.

On September 19, 1958, the Secretary of Defense promulgated the guidance that
limited test operations might be initiated by February 1960, but that extensive test
operations would not be initiated before mid-1960. Following that guidance, Chief,
AFSWP (October 26), requested funding to continue Trumpet pro_pects and to initiate a
complete moratorium weapon effects program. Any Trumpet agency in need of immediate
funding to prevent collapse was requested to submit details and would be provided
assistance as soon as possible. AFSWP would develop a -complete and comprehensive
moratorium period program as soon as feasible,

Within a week (October 28), the program had been laid out.

pparently the contractors couid. Just the day before, Nevada AEC had called a
meeting of its contractors (H&N and REECo) at the NTS-CP to discuss their readiness.
In addition to Reeves and Bill Allaire of the AEC, Sam Howell (H&N), Lew Reynoids
(REECo), and Carol Tyler (REECo) attended. The guidance was offered that capability
to resume testing promptly would be maintained, continuity of personnel would be
required for balloon handling crews, microbarographic and seismic measurements, B and
E tunnels would be reopened etc. In addition, the following gecneral guidance was
offered:

(s) DMA (Stnrlmd) has nqunud that we clear with them on any major engineering studiss or programs which
might be initiated concerning future teit activities; (b) if and when testing at NT'S is resumed we should assume
that the tests would be on a continuous type basis rather than the short operational periods which have occurred

S O T
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in the past; (c) that any future test program would probably involve a heavy diagnostic effort; (d) that during
any interim period it is cbntomphtod that there would be periodic meetings of the Planning Board on about a
three-month interval; (s) that there would be a relatively large offects effort, both DOD and civilian, in any
future test program; (f) that it would be entirely possible that criteria would be developed during the interim
period with the result that such criteria would be dropped into the lape of the architect or the construction
contractor practially overnight when the decision to resume testing was made. This would result in a high

abnormal work load.

Starbird, as Director of the Division of Military Application, closed out the
period nicely in his October 31, 1958, message to the General Manager, AEC, on
recadiness. In reviewing the political situation, he commented: '

The danger to our national security lies in the strong likelihood that the U.S.S.R. will protract negotiations
and "cooperate” only to the extent necessary to cause the United States to refrain from testing for an

extended period of time.

He went on:

- - - our readiness to resume testing, should the President so direct, must be adequate to permit the following:

Susc s52
OO,
Ex. /
Do

The maintenance of a capability to resume testing on the above time scale will require, as & minimum, the
following: ’ ‘

THIS SECTION a/rT#HELD
unoeL 5 x.s.c 532(4)07)
Exemprren 2, D. o0.D.
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Finale

And so, the testing community entered the moratorium with some optimism. The
President, the Secretary of Defense, and the AEC had all indicated their support of a
strong and viable readiness program. It appeared that Plowshare detonations, one-
point safety shots, and conceivably even shots with "just a little" yield might be
allowed. Rover and Pluto could continue. There were lots of data to be analyzed,
and time to do it was welcome. In fact, to most testers, the moratorium was welcome.
The testing system was tired, tired, tired. Duane Sewell pulled down his balloon (not
without some trouble), and everyone went home. )
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CHAP‘_I'ER 11
TEST MORATORIUM, 1958-1961
Test Organization Situation, Late 1958

But the indefatigable Starbird did not rest. On the 12th of November, 13 days
after the moratorium went into effect, Starbird presented a coordinated weapons test
" readiness program to the Commission®. Luedecke, as Task Force Commander, had already

presented his recommendations to the Chief, AFSWP, the Joint Chiefs of Staff, and the
Atomic Energy Commission®®. At this time there was a strong dichotomy between the
two weapons development laboratories. Livermore, inspired by Teller, was enthused
"about underground testing, was pushing Plowshare, and was beginning to push experi-
ments that might have to do with establishing the characteristics of seismic signals
from underground detonations. The Livermore staff were fighting desperately for
future nuclear device testing, either underground under the auspices of Plowshare, in
deep space, or any other way that could be found. Los Alamos, on the other hand, was
not anxious to test. Norris Bradbury and a fair fraction of his staff genuinely
believed a moratorium, or a later test ban, might be to the benefit of the United
States and, perhaps even more broadly, to the benefit of the world. Bradbury did not
believe that a capability for an immediate testing response was important. As he put

it, "It takes four years to get from test to stockpilee. What do a few months:

matter?” His advisors felt strongly that underground testing was a difficult method
of testing devices. The diagnostics would be uncertain, the costs would be high, and
high-yield device tests would be too expensive. This difference in attitude is
reflected in the correspondence of the period; Livermore offering the possibility of
great advances -in yield-to-weight ratio, clean devices, etc, if testing were al-
lowed; Los Alamos, largely in the persons of Bradbury and Carson Mark, trying gently
to refute some of the claims, but leaning more, always, in the direction of some sort
of international limitations.

It is pertinent to point out here that there were genuine wea blems
immediately after the moratori i

Furthermore, as Libby had commented, there was a
tremendous amount of data to be analyzed. Unfortunately, in 1958, the computer
capability in each laboratory was not really sufficient to take proper advantage of
the data presented. The data analysis from Hardtack Phase II in Nevada did not take
long, but there were difficult problems in understanding the results from secondaries
tested in Hardtack Phase 1. The effects data from Teak and Orange were fragmentary

*Essentially the same as his October 31 plan, but including the aborted "Adams" event of Hardtack Phase I1.
**See the section "Physical Test Readiness” near the end of Chapter 1.
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and incomplete, so that analysis was extremely difficult. The point of this cl.naptcr
is to explain how the testing organization kept, or did not keep, a capability to
test in the future. Let us examine the question:” Where is the nuclear wcpp‘qn
testing capability? At any time. . Either in 1958, 1959, 1961, or 19757 It is in
three places. Livermore, for Livermore devices and Livermore-sponsored Department of
Defense tests; Los Alamos, in the same way; or DASA, through its contractors. The
rest of the systems do not furnish testing capability but furnish the surroundings by
which the testers may do their work (with certain éxceptions having to do with
systems tests or NUTEXs). The capability to make the measurements that are the
results of development tests and are the only proof of a successful test lies, in
1958, 1961, and today, in the weapons laboratories, Sandia, DNA, and their sub-
contractors, where the major technical subcontractor is EG&G. The AEC has had non-
technical contractors in the past, as has the DOD. These contractors have contri-
buted tremendously to the success of our previous weapons tests, but they have not
been essential in the sense that the two weapons laboratories, LASL and Livermore,
- and then Sandia and EG&G, have been. At this point, it scems pertinent to digress to
these five prime organizations--Los Alamos Scientific Laboratory; Lawrence Livermore
Laboratory (then UCRL, Livermore); Edgerton, Germeshausen & Grier; Sandia Labora-
tories; and Defense Atomic Support Agency. Onec can regard these as the five primary
organizations for nuclear weapons testing, and put as seccondary such organizations as
Holmes & Narver, ALOO, the Task Force, and various DOD contractors. In the question
of weapons development and the diagnostics thereof, before 1958, Los Alamos was
clearly the senior organization and almost the controlling organization. However,
UCRL made important contributions from the very beginning, became very strong in the
subjects as early as 1952, and became a serious faction in 1955. Sandia, originally
an offshoot of Los Alamos, contributed continually and strongly to the methods of
carrying out an operation; but the basic AEC objectives, with very few exceptions
through 1958, came from the weapons design laboratories rather than any other organi-
zation. EG&G, a profit making concern, had been formed at the request of the AEC in
the late 40s to furnish technical support to Los Alamos (later expanded to include
other weapons laboratories). In the period before 1958, EG&G was essentially an
equal partner in testing with the weapons laboratories (perhaps a little more equal
with Los Alamos). Other organizations were of secondary importance. NVOO was still
a field office in ALOO and while its guiding light, Jim Reeves, under the auspices of
Kenner Hertford, was terribly important, his efforts were still subsidiary to what
the laboratories were trying to accomplish. In the DOD, the situation was a little
different because the basic techmical competence was not in AFSWP (DASA) but in its
contractors. ,

So the problem at the beginning of the moratorium was simple from the point of

- -view of the laboratories: How is competence kept alive? They assumed there wouid be

another operation of some sort, and the problem was simply to battle the AEC, the
" Department of Defense, the OMB, and, ultimately, the President to arrange for that
funding necessary to support the efforts of maintaining the competence. Any frame-
work that would accomplish this funding and at the same time engender in the person-
nel involved a sense of mission would be satisfactory. Obviously, such a framework
.would be better if it were clearly meaningful. _

* The three basic AEC weapons laboratories had differing problems. At Los Alamos,
contrary to the author’s feeclings and to a certain extent to those of Al Graves,
Norris Bradbury had no interest in Plowshare. So Los Alamos had practically no input
or effort involved with that subject. The Test Division did have some effort, but it
was very small, perhaps 5% of the Division effort, involved with surface-based detec-
tion of high-altitude explosions, and that kept a few people busy. But the main
objective was to prepare for further nuclear tests. The directives. from Washington
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were continually changing, never very consistent, but always supportive of whatever
the laboratories could put forth to maintain some capal?ilxty. The enginecering sup-
port was maintained at Los Alamos, at least for the f:xr.st' half of t‘he moratorium,
because of the decision by Bradbury to make the Test Division rcspon§1t?lc for nuclca.r
propulsion reactor testing. Thus, the operational people and the civil and. qlcctr.l-
cal engineers could be given a good profitable job to do ‘that would exercise their
talents but still make them available if weapons testing were to occur again. More
critical problems were in the test design groups. Let me take those roughly onc at a
time.

The radiochemical group had a great deal of work to do analysing samples left
from previous operations, including foreign tests, and they had many problems on th.c
basic physics of fission to keep them busy. The Rover nuclear reactor tests contri-
buted strongly to the maintenance of their capability. They could exercise thegr
cloud phenomena theories, their sampling theories, and most important of all, their
continued data analysis capabilities. The group that previously had been concerned
with the neutron outputs of nuclear weapons now became involved with neutron outputs
of nuclear propulsion reactors, and with the design of future experiments that would
allow more detailed observations of a thermonuclear burning region. The group con-
cerned with the measurement of reaction history completely changed its character
during the period of 1958 to 1961. It was split up into two sections, one concerned
with some of the detailed characteristics of nuclear propulsion reactor observa-
tions, and the other very senior techmical capability that was left over remained in
an essentially advisory capacity to the Division Office. The capability to measure
the reaction history was in serious jeopardy for some time at Los Alamos.

The Los Alamos group concerned with the measurement of fireball characteristics
had many problems to work on during the moratorium, in fact, so many problems that
mundane testing problems got in their way. Basically an astrophysics group, they
could and did spend time refining the fireball expansion theories so as to explain
the past discrepancies between fireball and radiochemical yield results. Time was
now available to attempt theoretical confirmation of previously measured radiation
opacity values.

The group that had been concerned strongly with very detailed esoteric measure-
ments of the internal workings of thermonuclear devices found this period terribly
traumatic. Their measurements in previous operations had been regarded with great
interest by the theoreticians but had not been particularly useful because the calcu-
lational techniques available did not allow the experimental results to be put into
the theories of the weapons of those days, and thus, support to the group during the
moratorium was not overly enthusiastic, and its morale by the end of the moratorium
was very poor. However, they did study the characteristics from past records of
clectromagnetic effects and similar phenomena.

The group at Los Alamos that had been concerned with blast and optical phenomena
took on the principal responsibility at Los Alamos for Vela Sierra, the name used to
identify work on surface-based detection of atmospheric and high-altitude explosions.
They designed and assisted in the construction and operation of the AFTAC systems for
observing atmospheric detonations. '

Los Alamos had always depended for its testing capability not only on internal
competence, but on that of external.contractors such as the Naval Research Labora-
tory, Naval Ordnance Laboratory, EG&G, the National Burcau of Standards, and others.
Their difficulties will be mentioned later. However, the Test Division in Los Alamos
also depended very strongly on the support of the other divisions within Los Alamos,
mainly the Physics Division, from which both the Division Leader and the Alternate
Division Leader had come. That Division, which had furnished people such as Louis
Rosen, Austin McGuire, and Keith Boyer, could, for at least a while, maintain its
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strength within its normal charter of carrying out the physical rese-a_rch for the
Laboratory. In addition, P Division, with some help from the Test Division, took on
the job of satellite-borne high-altitude and deep space test detection. Other as-
sisting Divisions, such as CMB, also had normal charters which would support their
eople.

peop At Livermore, the situation was somewhat different. The background of test
information to be analyzed was not so extensive because Livermore had been formed
comparatively recently. They were tremendously affected by Edward Teller, who was
determined now as Laboratory Director to maintain his Laboratory’s capability to -
resume testing under any circumstances. Livermore had gotten strongly involved in a
number of real time issues that be¢ame very helpful to them. Not only was the Plu}o
air-breathing nuclear propulsion reactor in full flower, but they were the main
exponents of the ‘use of nuclear explosions for peaceful ‘purposes (Plowshare), and
very quickly picked up the major effort within the AEC on the subject of seismic
detection. ‘

Thus, Livermore had a large advantage, in principle, over Los Alamos. They had
started underground tests and had tunnel designs and configurations. They had an
ongoing funded program in Plowshare, were pushing seismic detection shots, and had a
Director who was convinced of the value to the country of future nuclear weapons
tests. However, Los Alamos had a different kind of advantage. It had a test organi-
zation that had been continuously in existence for 10 years, was well organized in
its separate aims, and had many years of past data behind it to continue to study.
Furthermore, many of the mundane aspects of nuclear weapons testing had been in the
hands of Los Alamos up to this time. In 1958, Task Group 7.1, with its some 60
military types to help in test planning, was still based in Los Alamos. EG&G, who
could take care of timing and firing and fireball photography, had not learned to
work with Livermore and depended upon Los Alamos almost completely for their gui-
dance. While Jim Reeves, the ALOO Test Manager for the NTS, was clearly most re-
spectful of Livermore opinions expressed by Duane Sewell and Gerry Johnson and the
Laboratory Director, he was in very close rapport with Al Graves, the LASL Test .
Division Lecader.

Sandia had plenty to do. They could now work on a number of new devices that
had been developed for stockpile in the last year and a half. There were new fusing
problems which could be solved without nuclear testing. The question of weapons
system vulnerability to hostile action needed attention. The development of aerody-
namic balloons as possible future test platforms was required.

The Department of Defense Laboratories were, however, in a very bad way, at
least until mid-1961, because therc was no serious effort to keep their competence
alive and because of the' reorganization of the Department of Defense mentioned
earlier. Air Force Special Weapon Center, for example, went from something like 1000
personnel in 1958 to 14 in 196]1. In late 1959 the Secretary of Dcfense, Thomas Gates,
ordered all preparations for nuclear weapon testing stopped as of Jan. 1, 1960. -

Within other organizations central to testing, similar efforts were made to
extend the life of the capability, although to the participants it may have seemed
different. In retrospect, it appears that the lives of the 4950th Air Base Group and
the 4926th Squadron in Albuquerque were almost charmed because they had two real-time
jobs to do. One, for Sandia they could continue the investigation of drop ballis-
tics of bomb shapes and, hence, had an excuse to continue their bomber capability,
now shifting from the B-47 to the B-52. Even more important from the testing point of
view, the question of the effluent characteristics from propulsion nuclear reactors
being tested in Nevada allowed them to continue a radioactive sampling capability and
to exercise that capability occasionally. As is so often the case in this story, the
persistence of a radsafe capability through the ‘moratorium was the result of a very
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few individuals’ persistent efforts. The Army Radiological Safety Support Unit
(RSSU) had been a mainstay of the rad-safe effort from 1955 to 1958. Task Group 7.1 -
and the Task Force helped to argue for their continued existence during 1959 and 1960
so they were still available to help in 1961. Much of the JTF-7 rad-safe equipment
was transferred to REECo, and was thereby saved. Gordon Jacks was strongly instru-
mental in preserving this capability, and was again saddled with the job of putting
it back together and using it in 1962.

Joint Task Force 7, under Luedecke initially, continued to exist and make plans
to conduct future operations. Later under Anderson, as one might expect of any
organization that did not have a real-time job to do, JTF-7 began to go downhill.
The Navy Task Group, as it had ever since Crossroads, managed in some way to continue
its existence, studying the kinds of systems tests which would be of value to the
Navy and maintaining, as long as it existed, their coordination with Task Force 7.

Probably the single biggest loss to testing capability in this period was the
disappearance of the TG 7.1 J-3 in the summer of 1959. In the previous Pacific
operations since Sandstone, this organization had taken the responsibility, between
operations, to determine from all the experimenters (AEC, DOD, and otherwise) what
their objectives were, what they were trying to accomplish, and what logistic needs
they had. All of this was then organized, put on paper, and the appropriate requests
- for facilities and transportation sent out. Once those facilities were obtained, 7.1
J-3 went into the field and in recal time administered that logistic system. The
organization for years had conmsisted of about 60 military people under the guidance
of civilian personnel at Los Alamos (with assistance from the other laboratories and
AFSWP) and had been headed by such individuals as Colonel Phil Hooper and Colonel
Dutch Kerwin (later Vice Chief of Staff, Army). Loss of this organization meant the
disappearance of any driving force at a detailed working level to make a continuing
coherent operational picture of whatever it was we were planning at the time, and it
specifically meant that the technical organizations that would eventually cooperate
in performing the future operation no longer had any single point of focus to bring
their plans together. - This function had not, in general, in the past been carried
out by the Task Force headquarters because the Task Force was responsible - for
carrying out the operation on a large scale and coordinating the efforts of a Navy
branch, an Army branch, an Air Force branch, 8 technical branch, and the AEC branch.
JTG 7.1 J-3 was the coordinating spark of the technical branch of the operations.

Clearly, loss of the rest of the JTF-7 organization during the moratorium was
a:‘so serious, and will be discussed in more detail throughout the rest of this
chapter. ‘

The period of the moratorium had many interacting aspects. The rest of this
chapter will detail a number of those aspects in approximately chronological order,
with the intent of giving the reader a feeling for the number of balls that the
jugglers had to keep in the air at one time. ‘

AEC/DOD Actions, Late 1958

As carly as October 21, 1958, Starbird had presented to the Commission a pro-
posed weapons test program. Starbird was apparently not convinced that the morato-
rium would even last the year promised by the President, and in correspondence with
the Laboratories was investigating what needed to be done. Eisenhower had stated in
his August 1958 messages to the AEC and the Department of Defense that they should
maintain their capability to test. It was obvious. he was concerned with being caught
flat-footed if the Russians were simply playing a game.

There were three main thrusts to the AEC and Laboratory efforts that might
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maintain a capability to test. One was a readiness program consisting of a con-
tinuing series of questions and plans and some minor action over the next three years
that kept the subject alive in everyone’s mind. The second was the Plowshare program
which would clearly use both design and test capabilities. The third had to do with
determining the reliability of methods of seismic detection and identification of
underground nuclear detonations. : :

Livermore was, with the cooperation of the Commission, pushing hard on Plow-
share. They were studying, among other things, the following items: a channel .
through the reef at Kapingamarangi; a harbor at Cape Thompson, Alaska; a harbor at
Katalla, Alaska; a seca-level canal across the Alaska peninsula at Port Moller; oil
recovery from tar sands; an isotope production shot; the creation of artificial
aquifers; mining by leaching; and recovery of oil from oil shale. Chairman McCone
felt the importance of Plowshare very strongly and had suggested slightly earlier
that an AEC committee for Project Plowshare should be established. On November 20,
1958, the Commission authorized the creation of a Plowshare advisory committee. The
committee was formed with Spofford English as Chairman and such members as General
Doolittle, Bob Wilson, and others. There was clearly hope at that time that the
continuing Geneva negotiations could be mancuvered in such a manner as to allow
Plowshare shots in the case of a treaty and during the moratorium. At that time, our
government was convinced of the value of nuclear explosions for peaceful uses and
wanted strongly to continue that effort, and the Russians were not particularly
interested, whereas later the situation was reversed.

By December 1958, the question of the validity of the Rainier data, as inter-
preted for the Conference of Experts, was being reviewed in the light of the Hardtack
Phase II data. On December 4 AEC Commission discussion on this subject, specifically
between Commissioner Floberg and Paul Foster, noted that the seismic signal was
smaller than assumed in the Conference of Experts’ report and that the threshold
limit for detection for nuclear (underground) tests might be as high as from 5 to 20
kt. An ad hoc panel of seismologists under the auspices of AFTAC met from November
16 to 19, 1958, to consider this question. Carl Romney was chairman and among the
members were Frank Press and Perry Byerly with consuitants Hans Bethe, Dave Griggs,
Ken Street, and Carson Mark. They concluded that it was more difficult to distin-
guish ecarthquakes from explosions than had been previously estimated, that the number
of ecarthquakes per year of magnitude equivalent to or greater than a given nuclear
yield was about twice that previously estimated, and that, therefore, underground
explosions should be carried out to study the effects of explosions in varying
geological environments and to evaluate the methods of concealing underground nuclear
explosions. Teller felt very strongly that he should announce that underground tests
could not be detected under certain conditions, but agreed with McCone not to make
any public announcement until the Geneva conference had recessed. '

These problems had resulted in appreciable expenditure of effort in the AEC
Laboratories. Unfortunately, at that same time, Eisenhower was strongly concerned
with the gold outflow and the stability of the dollar in world markets and felt
strongly that the federal budget had to be reduced. McCone supported the President
in this and imposed the responsibility on the Commission and staff to achieve major
AEC budget reductions for FY 1960. As a result, the Plowshare budget was cut by some
25%, and weapons operating funds by approximately 10 million dollars.

Initial Readiness Directions

Several separate but related discussions and studies went into the establishment
by DMA of the initial readiness directives at the beginning of the moratorium. The
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first specific guidelines to Jim Reeves came verbally from General Starbird it} late
September. Reeves communicated these to Al Graves on September 29 as the following:
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There had been a meeting in Los Angeles on September 19, of various contractor
and AEC test organization personnel, following which H&N had presented cost and task
estimates through Calendar Year 1960 to maintain a nine-month response capability to
resume full-scale testing of the magnitude of Hardtack Phase I at the EPG.

After some discussion with their Headquarters (Air Research and Development
Command), AFSWC, in early October planned to maintain a capability within the 4950th
to support a full-scale nuclear test series within six months after cancellation of
the moratorium. Further, they planned to maintain development programs to make the
best use of data gathered on past tests and continue a vigorous, theoretical labora-
tory and simulation test program. ) ,

On October 12, General Alvin Luedecke, Commander of JTF-7, forwarded for comment
to Bill Ogle (JTF-7 Scientific’ Deputy) a draft report on "Capability for Resumption
of Nuclear Testing,” which he had sent to the Air Force Chief of Staff for possible
forwarding to the JCS and to the Chairman of the AEC.

and, 1n relation to the readiness response, said.

It would seem to me that the country can and should maintain the capability to begin testing within three or
four months after notification, but I believe no further comment on the number of shots or rate of testing after
that time is necessary since it will depend strongly on the information desired from the shots.

Elsewhere, Ogle remarked that both proving grounds should be maintained in a status -
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¢ Chiel of AFSWP forwarded the Secretary of Defense Moratorium Guidance (dated
September 19) to Field Command and AFSWP on October 26. The Secretary of Defense had
stated that the assumption should be that limited test operations might be initiated
by February, 1960, but extensive test operations would be started no earlier than
mid-1960. '

Further discussions on the initial readiness guidelines were significantly
affected by the Soviets continuing testing for several days after the 30th of
October. Starbird asked both Laboratories to plan the most necessary and fastest
response tests that they could do, both overseas and in Nevada. As the pattern
typically went, Livermore came up with a number of ideas and pushed for physical
preparations to be authorized in Nevada immediately, whereas LASL didn't wish to
resume testing for a fair amount of time in order .both to reduce the past data and to
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prepare for the next tests properly. There were several interesting points in Star-
bird’s hypothetical questions to the Laboratories and within DMA as to alternate
readiness positions based on the additional Soviet tests. The discussion began
before the beginning of the moratorium (October 28 was the dite of the queries to the
Laboratories) and included mention of Christmas Island as a possible alternative to
EPG overseas and, additionally, the usé of Johnston Island. The Commission consi-
dered specific nuclear test resumption possibilities in their meetings on November 12
and for the next few days. The possibilities included a specific DMA test readiness
paper and a memo from General Starbird to the Chairman of the Commission recommending
immediate test resumption if there were additional tests by the Soviets. The Chair-
man said he was reluctant to seek Presidential approval for additional tests until
after the Russians had conducted further tests. However, these discussions did
result in swift approval for certain physical readiness preparations at the NTS,
including provision to conduct the Adams test. There was discussion of John Foster
Dulles’s serious concern over further use of Eniwetok because of its status as a U.N.
Trust Territory. Hertford informed Starbird on November 13 that reductions at the NTS
had put the site in danger of losing its 90-day response capability. He also speci-
fied immediate actions in the way of balloon and barge procurement, tunnel construc-
tion, and other items to assure the appropriate response. A

Thus, out of these initial moratorium readiness guidelines, discussions, and
hypothetical propositions, came authorization for a number of physical preparations,
as well as specific consideration of alternatives such as Christmas Island and an
open sea test capability.

As mentioned before, the AFSWP was in an odd position in December 1958. Petson-
nel of AFSWP knew the DASA charter would be implemented in the spring of 1959. At
that time, all military services’ nuclear testing budgets would be consolidated into
a single DASA budget for FY 1960. That budget would obviously be appreciably larger
than the previously planned FY 1960 AFSWP budget. However, there was no certainty
that this money would actually be forthcoming because of the uncertain duration of
the moratorium and the uncertain need to prepare to resume testing. AFSWP had
managed to test (on the Logan event of October 16, 1958) a short section of a vacuum
pipe system that was the forerunner of underground effects tests. The results of
that small experiment were being studied in order to design a possible follow-on for
the circumstance that we would return only to underground testing. Similarly, the
Teak and Orange results. led to preliminary plans for possible later high altxtudc
dctonatxons.

By January of 1959, most ot‘ the test personnel had recovered from Hardtack and
the hohdays and were back to work to consider again the problems of testing. How-
ever, for many months, their efforts were largely devoted to analyzing the results of
Hardtack. The operational and conastruction administrative branches continued the
"what if" game for new tests. In January, the TG 7.1 operational staff produced
studies on the possibilities of using Johnston, Christmas, Midway, or Eniwetok
Islands as bases for a future open seas operation. They also considered the qucsuon
of quick and dirty balloon shots at Johnston and Christmas Islands.

-Evolution of High-Level Attitude Towards Testing, 1958-59

During the first year of the moratorium, just as anticipated by the 1958 Geneva
Conference of Experts, the inability to resolve the question of the detectability of
nuclear explosions underground and at very high altitude became an obstacle to nego-
tiating a comprehensive test ban treaty. Indeed, the underground detection and
identification problem became more and more difficult because of additional data from
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the Hardtack II tests. The data, as interpreted by an AFTAC Panel and the "Berkner
Panel, indicated poorer semsitivity than earlier indicated by the Confer?ncc of
Experts. The Latter big-hole theory (potential of decoupling in a large cavxty). ?nd
the lack of experimental data on decoupling in various media under various cot}dxtnons
were indicative of the néed for more research on underground explosion detection and
identification. In the first half of 1959, the Panofsky Panel on High:Altxtudc
Detection made very clear that outer space test evasion methods were feasible, aqd
methods of detection of such tests should be studied. Those who were most carnest in
their desire to have adequate verification of a full test ban were more pem.mnsnc
about adequate detection in underground and outer space environments in the spring of
1959 than they had been after the Conference of Experts. _

The AEC shifted their emphasis in treaty negotiation discussions (which affected
test readiness activities) to conmsideration of the concept that the test ban should
be reached in phases, with any initial formal agreement excluding the underground and
outer space environments for the time being. Through 1959, this consideration was
increasingly coupled with the fear that an ongoing, unpoliced, complete moratorium
allowed other nations to conduct clandestine tests in the underground and outer space
environments without detection by the currently installed systems.

President Eisenhower was surprised at the adoption of specific, agreed, control
guidelines at the Geneva Conference of Experts, where he had expected the Soviets to
take more of a political stand. However, he found the Soviets far less willing to
adopt the Conference of Experts’ system when the political negotiations began after
October 30, 1958. Noting the veto that they seemed to require on the Control Commis-
sion and their demand that each nation’s control posts be staffed by government
nationals, he felt this "made it obvious they had no intention of agreeing to a
practicable control system."™ This sort of feeling, coupled with the new underground
test data which further confused the issue of adequate control measures, led Eisen-
hower to propose to Khrushchev on April 20, 1959, that a limited nuclear test ban
only for the atmosphere be addressed at the conference.

The community attitude towards testing and test readiness in this time period
was exemplified by the guidelines given to, and reports of, a committee addressing
future test methods and testing organizations, chartered jointly by DASA, JTF-7, and
DMA. Their report reflected the guidance that testing in the atmosphere, as opposed
to underground and in outer space, was highly unlikely. : _

Thus, by April of 1959, without explicitly coordinating their positions ahead of
. time, the AEC, DOD, Department of State, and the White House all came to focus on
underground and outer space testing as the likely future techniques. Perhaps more
importantly, they tended to treat the old style of testing in all environments as so
improbable as to receive little attention and less funding. These philosophies were
solidified in discussions between the President’s Scientific Advisor (Killian), the
Deputy Secretary of Defense (Quarles), and Chairman McCone in late April 1959. This
reasoning significantly warped test readiness considerations for the rest of the
moratorium period. ‘ .

In light of these positions being fairly well defined in the minds of many
pecople by the summer of 1959, and not forgetting Dulles’s position that the EPG was
not a desirable area, owing to its trust territory status, the decisions to downgrade
the status of that proving ground, from August of 1959 on, are not a surprise. The
so-called "minimum maintenance™ status to be retained at that location, following the
inactivation of the Army support unit there (Joint Task Group 7.2), was to keep the

*Dwight D. Eisenhower, Waging Peace, 1956-1961; The White House Years, Doubleday, New York, 1065,
page 478. . -
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US. ready to resume full-scale testing as in the past or within a year of authonza-
tion. This was felt to be more than adequate based on the improbability of resuming
that method of testing.

The experts’ conference at Geneva on high-altitude detection, known as Technical
Working Group I, concluded several weeks of joint discussions on July 10, 1959, with
~an agreement proposing the establishment of a system of both earth satellites and
ground control posts to detect high-altitude detonations. Perhaps this encouraged
many of the decision makers, particularly the nontechnical personnel, to suppose that
the technical details of adequate enforcement in all environments was possiblc‘, and
rekindled a hope that with a similar conference on the underground environment, the
negotiations might again be on a track leading to a comprehensive agreement.

The Russians, with reluctance, did agree to a look at the new U.S. theories and
experimental data as part of a technical experts’ conference on the detection and
identification of underground nuclear detonations. This became Technical Working
Group II (TWG II), which met at Geneva in November and December of 1959. Various
observers felt that this technical conference, in contrast to previous joint confer-
ences, was not totally objective but had strong political overtones. It did not
‘result in agreement on needed research, development, or treaty requirements. In
fact, each of the three delegations submitted separate reports with the U.S. and UK.
agreeing in substance, and the Soviets disagreeing on almost every technical conclu-
sion and recommendation of the US. experts. By the time TWG II met the Soviets had
taken an ambiguous stand on the issue that the US. felt was the key to enforcing a
comprehensive test ban in the underground environment, that of on-site inspections.
On July 9 the Soviets agreed to the principle of an annual quota of inspections, but
would not agree to a definite number. Thus, the US. remained optimistic, through
the last half of 1959, that the Soviets might agree eventually to safeguards that the
U.S. felt were sufficient technically., On the other hand, anxiety grew that the
Soviets were "stalling" while they cheated or prepared to cheat. The lack of agree-
ment at TWG II made the US. even more pessimistic about a comprehensive treaty.

In August of 1959 Eisenhower extended the one-year moratorium to the end of the
year to permit more time for negotiations and technical discussions. Later, noting
the Soviets’ unwillingness to consider all of the technical data in reaching a satis-
factory agreement, he allowed the moratorium to expire on December 31. He considered
the US. free to resume testing, but .pledged that we would not do so without
announcing our intentions in advance. He also stated that during this period of
voluntary suspension, the US. would continue an active program of weapons research,
development, and laboratory experimentation. ,

The Commission position, and the personal position of Chairman McCone, was
clarified by a number of public statements and Commission discussions through 1959.
Perhaps to lay the groundwork for policy decisions on test rcadiness authorization,
Chairman McCone stated, at a meeting of the principals (Secretary of State, Secretary
of Defense, etc.) on October 6, that the Commission felt the Geneva negotiations
toward an agreement should continue, but he proposed that if the negotiations did not
reach an agreement, the US. announce a ‘unilateral moratorium on atmospheric -tests.
With respect to underground tests, he proposed to reserve the right to take action as
deemed necessary, perhaps after the first of 1960.

Air. Force guidance®, circa April 1959, was "No actions are to be consummated
which would jeopardize or reduce the Air Force capability for continuous development
and subsequent testing immediately following the termination of any test moratorium.

*Hdqts. 4950th Test Group, Readiness Report, 1 April 1959.
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Special care must be applied to prevent any dcgradauon of capabnlny in areas of
planning, programming, personnel and other supporting activities."

On July 9, 1959, at a meeting of the Executive Council of the French Commumty,
France announced their intentions to conduct nuclear tests in the Sahara Desert. The
first explosion was not conducted until February of 1960. The entry of France into
. the nuclear weapon community exacerbated the problems of obtaining international
‘agreement to a CTB.

At a Commission meeting on December 11 Chairman McCone noted that the Joint
Committee on Atomic Energy "fully supports the Commission’s position on the impor-
tance of adequate safeguard positions in any test ban agreement with the Soviet
Union." Senator Anderson urged that the Commission be in the position to test a
number of devices immediately after the first of the year or as soon as the test
moratorium ended.

Seismic Detection/Latter Hole, Early 1959

In carly January, the Commission turned its attention to the question of pro-. .
viding guidance for U.S. negotiators at Geneva concerning seismic detection. The
United States officially released its new data suggesting that the Geneva experts’
system would have a threshold closer to 20-kt than to 5-kt. The Commission expressed
its concern that it would take six to eight months to conduct further underground.
tests to determine the seismic detection threshold. Another complication came in
January when Dr. Albert Latter of Rand Corporation, apparently at the suggestion of
Edward Teller, announced a decoupling theory by which a shot could be fired and
produce only about 1/300 of the seismic signal that had been previously assumed.
This decoupling phenomenon was effected by firing the shot in a very large spherical
cavity, the required diameter of which could be calculated in accordance with the
theory. However, there was appreciable concern about the validity of this theory at
the time and for many years afterwards. Nevertheless, it was accepted by the PSAC,
including Hans Bethe and Edward Teller, in late January. Since now it appeared that
a large shot could be fired without detection if the evading country were willing to
build such a cavity, the introduction of this theory, as probably intended, led to
confusion as to the guidance to be given to our Geneva negotiators.

Laboratory Attitudes, Early 1959

During early 1959, the Laboratories and DMA continued to plan nuclear weapons
tests, at first considering times only a few months away, but later settling onto
November 1959 as a possible date, since that was when the one-year moratorium would
run out. Livermore tended to concentrate its thinking on renewed underground testing
and pressed for more tunnel construction in Nevada. Los Alamos was more concerned
with overseas atmospheric testing, including high-altitude shots, while Sandia pre-
pared for any of these concepts. The pressure from the Commission was toward the
. conduct of underground tests for seismic detection research, with a concomitant drop
in interest in nuclear weapons tests. Los Alamos was strenuously against underground
and outer space testing. In March, Al Graves took the opportunity to make these
feelings known to the General Advisory Committee’s Weapons Subcommittee during their
meeting at Los Alamos, intending to counteract some of the Livermore enthusiasm for
underground testing ngcn to the JCAE the previous July at Livermore.

= — s —

—




anfEORET=
128 RETURN TO TESTING

Weakening of JTF-7, Early 1959

In March 1959, less than five months after the beginning of the moratprium,
questions arose concerning the function of Task Force 7, its organizational struc-
ture, and even its continued existence. This question was apparently first raised by
the Deputy Secretary of Defense, Don Quarles, in a March 7 letter to Mr. McCone. The
question arose because of the ongoing reorganization of the Department of Defense,
specifically the planning for. greater consolidation of atomic weapons activity in.
AFSWP. The new thought was to effect greater economy by transferring the functions
of the Task Force to DASA. In April, a study group consisting of Gereral Starbird
(DMA), Admiral Parker (AFSWP), and General Anderson (JTF-7) was set up to study this
question. In addition to the question of money and the reorganization of the Depart-
ment of Defense, it was recognized that future tests, especially effects tests, might
require more coordination between the AEC and the Department of Defense than in the
past. Loper asked General Anderson to consider this point. Somewhat optimistically,
it was suggested that future AEC shots could be prepared and held until the effects
community was ready, rather than being tied to previously specified operational
dates. ‘

It is interesting to note the judgment of this study group on the likelihood of
different methods of future testing. They felt that contained underground testing
was most likely to be permitted and that a limited amount of preparation should be
conducted so that such testing could proceed with minimum delay. Tests at altitudes
greater than 50 kilometers, which was the presumed limit of detectability of the
Geneva experts’ system, were considered somewhat less probable, so that no prepara-

- tion should be made for such tests, but investigations and plans for this type of
testing should be kept under continuous review. Atmospheric tests at the NTS were
considered of such small probability that no detailed planning or preparation was
warranted. Atmospheric tests in the Pacific at sites other than Eniwetok or Bikini
should be studied, but no appreciable expenditure of funds should be allowed. The
likelihood of atmospheric tests at Eniwetok Proving Ground was considered so small
that the Proving Ground should be put on standby status and only those expenditures
should be made that would prevent significant deterioration of essential facilities.
1t was assumed that test preparation could begin nine to twelve months before exten-
sive firing was required. Johnston Island had already been returned to Air Force
command, and plans were being made to transfer it to the Army on or about January 1,
1960, for launching missiles for the Nike-Zeus program. The group noted that John-
ston Island would be in an operational status within 18 months, which was also the
statcd readiness time to do Operation Willow, and suggested that the Army could
support nuclear tests launched from Johnston Island using the same people who would
already be there for support of the Nike-Zeus program. Thus, a few people, mainly a
test director and staff, could go to Johnston for a short period of time to conduct
any high-altitude tests. They therefore recommended that future agrecements between
the services should be made with this concept in mind.

The study group recommended that JTF-7 become a subordinate command to DASA,
with liaison with the AEC maintained through DMA. The AEC would, of course, acquire
Joint control after the decision had been made to resume testing. Specifically, it’
was rccommended that Task Group 7.1 (the scientific group) be disestablished because
it would obviously not be required during the interim period. That disestablishment
was to be completed by August 31, 1959. _

It is interesting to speculate why this particular recommendation was made.
None of the three gentlemen making the decision had had task force experience,
although Starbird had had a great amount of contact with Luedecke during the 1958
series. Al Graves had offered some resistance to the decision to discontinue Task
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Group 7.1, but he was in Geneva at the time and couldn’t argue very cf.fcctivclY-
There was very little support for its continuation from the AEC laboratories (other
than LASL) or from the DASA testing organization. On June 3, 1959, Don Shuster
resigned as Task Group Commander, and on June 25, 1959, General Order No. 5 ordc'rcd
the discontinuance of Task Group 7.1 effective August 31, 1959. Thus, the organiza-
tion that had conducted the technical, operational, and logistics work for overseas
tests for over 10 years was disbanded.* In retrospect, this move appears as possibly
the most serious single move made during the moratorium toward winding down our
capability to test in the atmosphere. In overseas operations prior to 1959, the

senior laboratory representatives in the field, commonly heading Task Units of 7.1,

thought their major responsibility was to their home laboratories, or, in the case of
DOD, to Ficld Command. The JTG 7.1 staff was the next layer up in the field and
planning organization and, therefore, was still extremely sensitive to the needs of
the basic experimenters in accomplishing their work. The Task Force staff, however,
and to a certain extent the other task groups, were isolated by the very naturc of
operations from detailed knowledge of what those requirements were, and hence tended
to look upon the experimenters as an unreasonable group of people simply trying to
feather their own nests and make life hard for everyone else. In the author’s
opinion, the result was that after August of 1959, the Task Force lost touch with
reality, at least as far as the AEC requirements were concerned, because it no longer
had any channel at all to accept the thinking of the AEC laboratories.

Overall, the Loper study group recommended an 80% reduction in currently autho-
rized spaces, with Task Force Headquarters going to 77 people, the Army to 32, the
Navy to 90, the Air Force to 7, and of course, the scientific task group to 0.

In retrospect, it is difficult to see what these gentlemen were up to: by the
time the report was finished, the concept of future operations had been. reduced by
others to that of underground tests in Nevada (for which a Task Force wasn't needed),
and deep space tests launched from Johnston Island, with a remote possibility of
large:yicld atmospheric shots fired in some not-quite-clear way, perhaps by a

oating t i ifi

cadquarters, left at 77. people, was barely

needed. :

JTG-7.2, the Army, reduced to 32, at least had a job of maintaining housekeeping
at Eniwetok, although that could ecasily be done by the AEC alone since Eniwetak
reverted to them, in principle, in non-operational phases. o

The Navy task group, left at 90, was needed mainly for planning Navy systems
tests, whereas the Air Force, which was essential to almost any concept of operations
in the atmosphcre, either AEC or DOD tests, was reduced to seven. And the technical
task group, 7.1, required for any technical planning at all, was reduced to zero. '

Amazing!

Treaty Progress, Early 1959

_ At Geneva the arguments continued, largely about the number of inspection sta-
tions which had now been confused by the seismic detection unccrtainties mentioned

*The going-away party used up all but $200 of a fairly large sum collected for the recreational fund (7.1 rec. fund) over
those 10 years. ) : - : .
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before. In fact, Eisenhower in April proposed to Khrushchev an alicrnativc'b'y.which
the test ban should be put into effect in phases, starting with _thc prohnbmc_m'of
nuciear weapon tests in the atmosphere up to 50 kilometers, while the negotiators

went on to seek methods of extending an effective test ban to underground and outer

space. Khrushchev rejected that proposal and went back to the argument about on-site
inspections. -

At Livermore, Teller apparently felt there was a high possibility of testing
being allowed in the very near future underground or in deep space, simply because
there was no way to come to a satisfactory treaty agreement on those subjgcts.
However, Los Alamos secemed to feel it was being driven to undergroupd tests against
its will. George Cowan commented in March 1959 that all the experience in under-
ground radiochemistry was at Livermore (LASL's two previous underground shots had
come out of the ground so nicely that samples were obtained above ground). He also
commented that if we had to test that way, then he supposed we would learn how. To
paraphrase LASL views: "Either weapons testing is worthwhile or it ism't. = If it is,
let’s do it properly; and if it isn’t, then let’s have a treaty." Livermore, sparked
by Teller and Harold Brown, was doing everything it could to move toward a treaty
that would still allow testing. . It's interesting that at this point, Harold Brown,
after returning from Geneva, proposed a treaty, apparently based upon observation of

nuclear testing by the use of satellites, that would not involve either a threshold.

limit or inspection teams.

Test Planning, First Half, 1959

Starbird continually requested that the Laboratories update test plans, but he
also did his best to accomplish, in this hard time, all of the recal work necessary to
maintain our nuclear weapons capability. Thus he went as far as he could to co-
operate with the Laboratories’ Directors in 8 manner to best benefit their internal
programs. ‘

At the Nevada Test Site, as a result of LASL's insistence upon firing in verti-
cal holes in Area 3, the ugly problem of groundwater contamination was raised. Some
shots had to be fired below the water table, and hence, assurance was necessary that
the contamination would not be tranported by underground water to some embarrassing

spot off-site or to producing water wells. Further studies were initiated to investi-

gate the ground-water problem. _

The Laboratories and AFSWP, in the light of the new testing philosophies, were
secking facilities for NTS underground tests. LASL, in the person of Bob Newman,
requested in April that ALOO (Reeves) develop a plan for the construction of four
tunnel sites on Rainier Mesa (estimated to cost 7 million dollars) and four 1100-feet
holes in Area 3 (estimated to cost 3 million dollars). At the same time, Ken Street
of Livermore suggested to DMA that maintaining a 90-day readiness would resuit in
extensive wasted effort and funds, and suggested instead preparation for continual
underground nuclear weapon testing to be started 12 to 18 months later.

were some holes 1n granite and
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marble for the seismic detection program. One of the Livcrmo.rc tunnel sites was for
the DOD shot, Jericho, later renamed Marshmallow. The tentative construction b.udgct
to finish this work was 52 million dollars, of which about half was available.
Several of the Livermore tunnel sites had already been constructed or were funded,
whereas only the LASL safety shot holes were in that situation (four 500-foot, .3§-
j Diagnostics in the proposed underground series would be mini-

Deep Space Testing, May 1959

By' now (May 1959), the system seems to have convinced itself that the only
"atmospheric” testing that would be allowed and, hence, was worth planning for, would

be conducted at altitudes above the Geneva system detection limit of 50 kilometers.

The Berkner Panel (who met in early 1959 and published their results on March 31,
1959) had suggested looking at the .problems of testing at altitudes above the limit
of detection by the Geneva system. McCone had met on April 23, 1959, with Killian,
Quarles, and Starbird and agreed the AEC would look into this question. Livermore
felt that such shots could probably be performed in about 12 months, obtaining only
very rough diagnostic data, and that in about 18 months fairly acceptable measurement
techniques could be developed. At the previously mentioned meeting in early May
(which included Starbird, Bradbury, Jane Hall, Ogle, Mark, Teller, Johnson, Foster,
-Herbst, Fowler, Shuster, Hertford, Reeves, Loper, Parker, and others), the high
altitude program was discussed.

Each device would be lifted on a modified Redstone from
Johnston lIsland to 500-1,000 km altitude. The ecarliest launch date would be August
1960. The DOD was already planning on the Willow program of six tests, four utili-
zing the Redstone missile, one the Jupiter missile, and one a balloon. It was also
agreed that the possibility of performing the AEC tests at altitudes of 100,000
kilometers or more would be investigated, as suggested by the Panofsky Committee of
the President's Science Advisory Committee, Such tests would require four different
boosters (Centaur, Atlas, Vega, and Saturn), with readiness dates ranging from late
1960 to 1965 (see Table V). The estimated costs for the lower-altitude AEC program
were 185 million dollars, whereas the system to test above 100,000 kilometers would
cost some 320 million dollars. Sandia was ailready looking into the problems of
missile failure, destruct systems, and .associated safety devices. Problems of reti-
nal burn, electromagnetic interference, and atmospheric fallout were recognized. -
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TABLE V w s> p.ol
A. PROPOSED AEC HIGH-ALTITUDE PROGRAM 5 £y 3
May 7, 1959

‘Diagnoutic package weight for all devices would be 600-700 1b.
PFor altitudes of 500-1,000 km the carrier would be the modified Redstone; ready date, August 1960.

NOTE: Useof the improved Atlas would allow testing the 3000 1b warhead at 25,000 km and all of the others shown gt §0,000 km
commencing in mid-1961.

B. DOD WILLOW HIGH-ALTITUDE EFFECTS PROGRAM

s

Clandestine Test Detection, Mid-1959

The forerunner of what was eventually to become the Vela Program was now begin-
ning to solidify. At the previously mentioned meeting of McCone, Killian, Quarles,
and Starbird in April 1959, the AEC agreed to cooperate in following the Berkner
Panel recommendations relative to undertaking an experimental test program to deter-
mine the parameters of detection and concealment. Within the AEC, Livermore, in
conjunction with Rand, had considered the underground detection question more than
others so that that work fairly naturally fell to them. During discussions of the
‘possibility of combining proposed weapons tests underground with proposed seismic
detection shots, LASL did express an interest in the seismic detection program, but

*
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pointed out in late April that it was inconsistent to com_bine these two aims since 2
test shot by definition might not give the predicted yield. LASL, because pf its
experience and interest in atmospheric testing, somewhat natural_ly took on the prob-
lems of high-altitude detonation detection. Using ground stations, they would ob-
serve the fluorescent light and electromagnetic signals resulting from the detopa-
tion. In conjunction with Sandia, Los Alamos began to look seriously at the question
of detecting deep space shots using instruments in satellites. This work was, c?f
course, in conjunction and in cooperation with ARPA and AFTAC, who had the basic
responsibility. To further this work a joint Los Alamos-Sandia working group (.called
the Buzzer Committee) was set up with Dick Taschek of Los Alamos as the Chairman.
Membership was drawn from the physics, test, and theoretical divisions at LASL, and
from Sandia. It was expected that it would take this committee four to six months to
come up with anything significant beyond the recommendation of the Panofsky Panel
Report. Consequently, the Laboratories suggested that the Panofsky report was ade-
quate to provide any interim need of the Geneva Panel of Experts or others.

In mid-May, Starbird, worrying about information for the upcoming working group

meetings in Geneva, asked Livermore to consider the necessary programs and time scale -

to obtain acoustic data from extremely small detonations in blocks of salt or other
material. Later on, high-explosive detonations in the appropriate media would be
conducted in a further effort to try to understand the observation during Hardtack of
very different seismic signals from two tests at essentially the same yield (Tamal-
ais and Evans). - :

_ a ivermore and the operations offices investigate
the feasibility of testing the Latter hole theory using high-explosive detonations in
the salt mines of Louisiana and Texas. He informed the Commission that two such salt
mines had been identified. These tests could be conducted in something like 60 to 90
_ days.

Effects of Moratorium
In early. 1959>+he system began to realize the penalties of not testing. At the
early May meeting previously mentioned, the representatives of DMA, DASA, ALOO,

Laboratory Directors, and the Military Liaison Committee concluded that: (a) Fore-

going all testing in the future would limit the warheads that the AEC could offer to
the DOD to meet existing or near-future systém requirements (certain warheads offered
by AEC would fall short of DOD desires in regard to assurance of performance, amount
and predictability of yield, or other characteristics); (b) the exploitation of
certain fields of longer-range DOD ‘interest which could lead to significant changes
in weapons systems and doctrine could not be accomplished without further testing;
(c) foregoing further testing would preciude obtaining effects information required
by the DOD, of which high-altitude effects were the highest priority.
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Sandia Balloons, 1959

In spite of the very strong opinion that only detonations underground or at very
high altitude would be allowed in any future tests, assuming a complete .test ban was
not agreed to, some work continued along other lines. Sandia, who had designed and
operated the tethered balloons used in earlier operations in Nevada for lifting
nuclear devices for detonation, now began the design and development of a balloon
capability for Eniwetok. The concept was developed by Don Shuster, as Commander pf
7.1, and others in the Task Group and at Sandia. The AEC, through NYOO and Sandia,
supported the development. By June of 1959, Sandia had had test flights at the
Nevada Test Site of balloons carrying up to 20,000 pounds of payload, indicating that
it would be feasible to lift such weights to altitudes of some 5,000 feet at the
Eniwetok Proving Grounds. Coaxial cable for balloon use at NTS was being procured in
July of 1959, and further prototype testing of a 20,000-pound lift balloon with a
15,000-pound payload was planned for September and October. Shuster reported in
December that acrodynamic balloon operations could proceed about 10-12 months after
authorization (5 months for test balloon delivery + 2 months for test flights + 3 to
5 months for production unit delivery).

" Reduction of EPG Capability, 1959

During the earlier Pacific Operations, the Army Task Group had been responsible
for "housekeeping” at the Eniwetok Proving Grounds. They furnished the Island Com-
mander and his staff, many of the military vehicles required, airficld operation and
maintenance at Eniwetok Island, and many other such functions. During the carly
operations, the Army had been most willing to perform this function -as one of the
ways of getting into and staying in the nuclear weapons business. However, the Army
portion of the nuclear weapon pie gradually reduced in the later part of the 1950s
and the manpower drain to continue this function was appreciable (the Army had 1,000
personnel at Eniwetok at the end of 1958). At the end of Hardtack Phase 1, the TG
7.2 (Army) Commander, Colonel Stanley Sawacki, recommended to CITF7 that the Air
Force assume responsibility for all the military functions at Eniwetok presently
assigned to TG 7.2, that the AEC contractor (H&N) take over the other TG 7.2 func-
tions, and that TG 7.2 be inactivated. Initially, this proposal received no particu-
lar attention in the light of the uncertain future of JTF-7 itself,” as mentioned
carlier. However, later, against the background of the genecral set of studies and
moves going on in mid-1959 (i.c.,, the Department of Defense reorganization, the
agreement to put JTF-7 under AFSWP, and the reorganization of AFSWP into DASA), the
suggestion was looked upon with favor. The requirement that the Army support ‘the
Nike-Zeus test program on Johnston Island made the relief from maintaining Eniwetok
even more welcome. As a result, Task Group TG 7.2 was reduced to less than 400
people at Eniwetok by the end of July 1959. 4 ;

The "Report of the Study Group on Organization for Future Test Operations” was
endorsed by CIJTF-7 (Anderson); Chief, DASA (Parker); and Director, DMA (Starbird), on
August 20, 1959, and sent to Secretary of Defense, the AEC, and the JCS Chairman.
The report recommended, among other things, that at the Eniwetok Proving Ground there
be a general move to standby. status by such actions as consolidating all base camp
activities to Eniwetok Island with mothballing of the facilities on Parry, which had
been the headquarters of the technical organizations, reductions in the size of the
boat pool, elimination of locally based aircraft, and no further construction. Total
personnel were reduced to 495. Anticipating the study completion was the official
notification of a standby status phase-down to TG 7.2 and others on August 8.. By



w. ' »

MORATORIUM 135

September 1959, Operation Switch was taking place with TG 7.2 handing over its
responsibilities and equipment to Holmes & Narver. By December of 1959.. TG 7.2 was
down to 20 people on Eniwetok. This study group report, which came out _!ust two days
less than a year after the President had announced the test ban moratorium, and the
concomitant actions resulted in the conversion of.an active and useful proving ground
to an almost useless piece of real estate in a period of about a year and a half,
mainly on the assumption that testing in the atmosphere would not be allowed in the
future, even if we were to return to testing. . ' '

It appears that not a single person in the whole chain of decision makers at
that time, all the way to the President through PSAC, the Commission, the Department
of Defense, and the Laboratory Directors, actually believed that there was any
serious hazard associated with worldwide fallout that might be produced by any future
nuclear testing in the atmosphere. Rather, there was judgment that if negotiations
were to break down because of the inability to solve the underground detection and
identification problem, reaction to pubiic fear of fallout would result in at least
an atmospheric test ban. The reduction of total test funding, both ‘because of the
need to reduce the total national budget and the conviction that we would not have to
- go back to testing at all, contributed strongly to the degradation of the Eniwetok
Proving Ground. ‘In retrospect, however, the author belicves that had the Eniwetok
Proving Ground been maintained it would have been used in 1961 and 1962. Most of the
development shots would probably have been balloon lifted rather than airdrops. Also
in retrospect, however, it's not ‘a2 bit clear that any more weapons development
information would have been gained that way than actually was obtained at Christmas
Island, nor is it clear that the operation would have actually been conducted any
sooner.

Plowshare, Early 1959

Livermore had long been promoting the peaceful uses of nuclear explosions (Plow-
share). Clearly, the pursuit of this effort in a period of no weapons testing could
be heipful in maintaining a weapons testing capability. The device decsigns were
similar, but Plowshare devices did not have to meet the rigid strength and size
criteria required of weapons. In addition, the criteria on cleanliness might be
different. The testing of a device to be used for Plowshare purposes used essential-
ly the same observational techniques as those for a weapon test. Many of the experi-
ments could be performed with devices designed to be used as weapons. Edward Teller
and Gerry Johnson of Livermore .pressed to separate the peaceful uses program from the
weapons test problem, urging that any test ban allow the continued use of nuclear
explosions for peaceful purposes. They.urged that arrangements be made for Plowshare
experimental detonations in the then extant circumstances of a weapons test morato-
rium. The Russians were not enthused about the Plowshare concept, and pointed out
that it would be very difficult to differentiate a Plowshare explosion from a weapons
test explosion. It was clear in the AEC family that such a differentiation would be
most difficult; and, in fact, it was clear that unless there was extremely dctailed
monitoring, it would be very simple to conduct weapons tests under the guise of
Plowshare. This latter politically difficult point led to a sort of schizophrenia in
the community, in which it was simply not proper to admit the possibility of using
Plowshare for evasion purposes. Hence, the Plowshare discussions were usually kept
separate from the wceapons discussions. This same .feeling led a little later ‘to the
Plowshare program being scparated within the AEC Headquarters from the weapons dcve-
lopment program, resulting in a scparately labeled budget for planning Plowshare
detonations. :

During January of 1959, preparations continued. EG&G was constructing alpha
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measuring equipment and a portable timing and firing system. Livermore.was making
detailed plans, while Los Alamos re-examined the value of. participating in the Plow-
share program. Previously LASL had not been particularly interested in Plowshare as
such, fecling they were already overloaded with weapons problems. However, under
project SANE (Scientific Applications of Nuclear Explosions) work had been done on
‘the possibility of producing and recovering large amounts of transplutonic clements
by means of underground nuclear explosions. (A number of the transplutonic elements
had been produced in several previous shots, including Mike, but the devices had not
been designed to maximize such production.) Production of electrical energy by under-
ground nuclear explosions was also considered. _ o

Attempts were being made early in the year to formulate proposed international
rules by which Plowshare shots might be conducted. Early announcement to ptlger
nations giving the date, the place, the purpose, the ’yield, measures to minimize
fallout, etc., was suggested. .

By mid-1959, physical preparations were being made for two Plowshare demonstra-
tions. One was Project Chariot, to produce a harbor at Cape Thompson in Alaska, to
assist in the development of the region.* Chariot consisted of a cratering shot of
100 kt yicld at about 700 foot depth, to produce the harbor, and an additional four
20 kt shots to produce a channel connecting the harbor to the ocean. Environmental
studies of the region, including engineering considerations, were being conducted at
this time. Project Gnome, a 10-kt shot to be fired in a salt dome in southern New
Mexico, was planned to study energy and isotope production. In mid-May, the Commis-
sion approved expanded effort on these projects. The Plowshare group at Livermore
was, by this time,. of appreciable size. A number of the group members also were part
of the weapons test organization. ‘

An example of the feedback of Plowshare considerations to weapons test capabili-
ties is shown in a message about this time from Ed Fleming of Livermore to Colonel
Thompson of AFSWC concerning future air sampling capability. He offered his opinion
that for a long time to come, only cratering-type Plowshare shots would produce
radioactive clouds, that these could probably be sampled by the drone aircraft sam-
pling system then being developed by Sandia and that, therefore, the efforts of the
4926th Sampling Squadron would not be required after the end of 1959.

NTS 90-Day Readiness, Late 1959

By mid-June 1959, the testing system had developed reactions to the guidance
offered from the May 7 meeting of DMA, Lab Directors, DASA, etc., previously men-
tioned. LASL, after duc consideration, went back to its old stand that it preferred
vertical holes to tunnels and formally requested that ALOO design and-construct four
1,100-foot holes of 36-inch diameter in Area 3, and cancelled their request for
tunnel work at Rainier Mesa. Discussions at the June. 4, 1959, Nevada Planning Board
meeting centered around the "requirement® to meet a 90-day readiness for underground
testing. It was concluded that such readiness could be achieved by November 1, 1959,
if prompt approval were given for the LASL 1,100-foot holes and for the desired LASL
mobile alpha station. At that time the laboratories would be ready to do
approximately one shot each per month, assuming continued drilling and tunneling were

*Envisaged st that time was, strangely snough, the use of the harbor as the end point of an oil pipeline from what has’
since become known as the Prudhoe oil fiald, allowing shipping most of the year cut of that harbor to the lower 48. The
pipeline would be almost continuously over hardrock and would therefore not face most of the environmental difficulties that the
present pipeline faced. '

e .
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approved. A 550 Wl/3(ft)‘ rule for detonation depth was accep.tcd.in spite of the
containment difficulties with tunnels during Hardtack. LASL mdncatcd' t.h.at- they
would be happy to have some release of activity to improve the possxbnh.tncs of
sampling for radioactive debris, whereas Livermore intended complctc containment.
(Livermore had started an attack on the concept of prompt samphqg thropgh small
pipes from the shot point during Hardtack.) Sandia was also preparing their balloon
lift capability to be ready on a 90-day notice for shots in two or threc areas at
NTS. LASL initiated effort on the design and field check of a method for cleaning
the contamination from all the reusable vertical holes used in Plumbbob and Hardtack.
It was estimated that this action might make four 330-foot, 36-inch diamecter. holes
available for one-point detonations. The 1,100-foot vertical holes requested by LA'SL_
would cost some 1.9 million dollars, which had not yet been approved. Construction
had been authorized and was under way for three safety shot sites in Tunnels 1, J,
and K for Livermore. However, authorization to prepare the full-yicld shot sites was
still required. Preparation was estimated to cost some -3.6 million dollars in FY
1959, 5.5 in FY 1960, and an additional 9 million once the go ahead for actual
testing had been received. In mid-June, Gerry Johnson of Livermore requested autho-
rization from DMA (Starbird) to begin the new construction necessary if readiness
were to be achieved by November 1. On June 22, Starbird withheld such authorization
pending further review. At the midyear review on June 25, 1959, Norris Bradbury
(LASL) emphasized that LASL intended to make its decisions and conduct its programs
such that they could be abruptly modified as the future course of testing became
apparent. He felt it unlikely that the U.S. would again test in the lower atmosphere
to any extent and commented that the probability of resuming nuclear testing under
any circumstances was about 50%. He commented that LASL did not plan to devote any
appreciable effort to the problem of elaborate physical diagnostics underground until
it was clear that there actually would be a test series. He further commented that
LASL intended to make extensive use of the capabilities of Sandia to assist in
diagnostic measurements of exoatmospheric detonations should testing of this type be
undertaken. He also commented on his intent to shift about 10 percent of the current
LASL 1esting personnel to other programs in the next year, assuming there were no
extraordinary changes in the testing scene. ’ ,
As of mid-1959, Starbird had requested that the initial January AEC testing
budget of 17.5 million dollars for full-scale tests be upped to 27.5 million for FY
. 1960. This upward revision included the cost of doing preparatory work for possible
underground testing in Nevada. It was his assumption that of the 27.5 million, some
8 or 9 million would go into minimum maintenance effort at the Eniwetok Proving
Ground. A little would be reserved in case some method of testing other than under- -
ground should become possible, and about four million dollars would be used for
continued tunneling in preparation for possible full-scale weapons tests (approxi-
mately one million dollars of that was for the Jericho shot). This money would
support some 150 miners engaged in tunneling, but he suggested that the number ‘be
dropped to perhaps 100 by July 1, 1959. Approximately two million dollars would be
spent on construction for shots connected with the underground seismic program and
. about one and a half million on various efforts concerned with the problem of water
contamination at the Nevada Proving Ground. To allow flexibility as the situation
became clearer in the latter half -of 1959, 4.8 million woulid be left uncommitted.
By July 1959, LASL, in conjunction with Reynolds Electrical and Engineering
Company and NVOO,: was well into the design of the operational and mechanical

[ ]

*The product of the number 850 and the cuba root of the yield--for yield expressed in kilotons--is to be the depth of
burial in feet; i.e., for 1 kt, the depth would be 880 fit; for 1,000 kt, depth would be §,500 fi. :
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procedures for firing in their proposed 1,100-foot holes, and the AEC had given
approval to procure some 20,000 feet of coaxial cable for use with possible balloon
shots at NTS. Design was under way for a downhole catcher to collect radiochemical
samples which could then be pulled up through the sand of the backfill.

As a result of the uncertainty concerning groundwater contamination in Nevada,
Reeves contracted with the USGS (Bill Twenhofel) to begin an investigation of this
problem at NTS. A 1,200-foot hole was drilled in the north-central part of the
Tippipah Springs Quadrangle during July and August 1959 as a beginning of a ground
water monitoring program. .

In mid-July, LASL changed its request for deep holes from 1,100 feet to 1,200
feet in order to make the hole depth good for 10 kt. ALOO had prepared the advance
notice for bids for these four deep holes, but was holding them pending DMA authori-
zation of construction. LASL was having difficulty completing their experimental
design for these holes because of the problem of getting the boost region alpha
signal up the size cable they felt was reasonable to put down 36-inch diameter holes.
By August 6, some five different downhole canister geometries with various diagnostic
capabilities had been proposed.

All three wecapons laboratories were working hard on the problem of containing
radioactive debris underground. LASL was, for a change, taking the subject scrious-
ly, and in Jate August, J-I5 published a set of computations predicting the pro?ﬂ
depth of burial. However, therec was no change in the officially approved 550W
criterion chosen by the planning board in early June. _

While work was continued on the tunnel complexes for LRL and the Department of
Defense, approval from Washington did not come for the LASL 1,200-foot holes. Thus,
toward the end of September, LASL returned most of its equipment to New Mexico. An
internal LASL report of the period includes the comment “"the enormous quantity of
work that Holmes & Narver has had to do for LRL weapons, Vortex and Plowshare, has
made H&N progress on LASL designs very slow. There is small indication that they
will divert more effort to our projects any time in the near future.”

On August 26, 1959, President Eiscnhower announced that the United States would
extend its unilateral testing. suspension to the end of 1959. On the 27th, the United
Kingdom stated that it would not resume tests as long as the negotiations showed
prospect of success, and on August 28th, the USS.R. pledged not to resume testing
unless the western powers did so. This obviously did away with the concept of
beginning an underground operation on November 1, 1959, but for a little while, the
planning went ahead with the same concepts as those expressed in May, but delaying
the time at which testing might resume. '

Livermore continued to refine their plans. On October 19, 1959, Myron Knapp
outlined in an internal document a plan (Succotash) for reaching a readin -
capability for LRL,

Suse. 552080@) £x. 3, 2
susess28))) £x.1, D
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In the fall of 1959, LASL, in a further attempt to learn about methods .of
radiochemical sampling for underground testing, core-drilled one of 1its ome-point
shots fired in 1957. The results were the refinement of the yield of that shot and
the conclusion that such sampling, even long after a test, had great diagnostic
valucby the end of the year, LASL's deep holes had been dgsi'gncd,.but'ALOO had
decided not to go ahead with the construction unless the moratorium situation changed
to indicate that the holes would be used. At this point, Bradbury requested that -
Starbird direct that the 1200-foot holes be drilled, stating that at the moment, L@SL
probably had the capability of doing a few one-point shots on three months.noucc,
but could not make any statements about larger shots until the holes were dr;llcd or
approval was given for their construction. _ R '

Livermore was so busy by this time on Plowshare, seismic detection readiness,
etc., that they felt forced to back out of the planning of the Jericho shot. They
proposed that they be phased out of the management starting Jan.l, so that DASA would
have it completely under their control by March 1, 1960.

Radioactive Cloud Sampling, 1959

By mid-1959, although the attention of the testing community had turned largely
to the problems associated with underground testing, there were those who felt that
atmospheric testing was still a possibility. If the capability to test in the
atmosphere was to be maintained, one of the most crucial items was the aircraft
sampling capability that had been built up over the long period from 1946 through
1958. The major capability for United States weapons test sampling was in the 4926th Suscss
Sampling Squadron of the 4950th Test Group in Albuquerque
This capability was used to sample (6)(’)
not only United States nuclear weapons tests at both Nevada and in the Pacific, but £y /s oy
also the Rover nuclear propulsion tests. Aircraft sampling required a high level of i
proficiency on the part of the crews, both in order to prevent radiation overexpo-
sures, and in order to assure proper sampling. The sampling tanks used were long
lead-time items requiring extensive aircraft modifications which could not be made on
~ short notice. With appropriately ecquipped aircraft, planning and training for an
operation normally began six months to a year before the planned operation.

In mid-1958, AFSWC, the owners of the 4926th Test squadron (sampling), had begun
the argument that the 4926th strength could not be significantly reduced if a nuclear
sampling capability was to be maintained. By December of 1958, Headquarters Air Force
had notified the field of its philosophy for continuation of a vigorous program to
maintain and improve its atomic capability. Specifically, their guidance was that no
actions were to be consummated which could jenpardize or reduce the continued devel-
opment of their atomic capability, including test resumption immediatcly following
the termination of the test moratorium. This guidance was apparently intended only
to instruct all Air Force units to continue pressing for Air Force nuclear weapons.

But, it was also used by AFSWC as one of the many crutches to maintain the sampling

~program. The very fact of the continued existence of JTF-7 during this period of
time, and the decision to maintain the Eniwetok Proving Ground at some level, also
supplied strong support for the continued existence of the 4926th sampling capabi-
lity. ) ,

Soon after the moratorium began, in spite of the original recommendations, Ma jor
General William M. (Monte) Canterbury of the Air Research and Development Command
(ARDC), with the agreement of Maj. General C. M. McCorkle, Commander of the AFSWC,
somewhat reduced the strength of the sampling group. Both commanders faced the
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common problem of maintaining an adequate readiness posture while usefully employing
the people involved. In this vein they expanded the AFSWC research and development
tasks, such as Javelin and Journeyman development and testing, while continuing test
support to the AEC on nonweapons tests, such as the Rover program. As another move
to strengthen the 4950th the Joint Chiefs of Staff gave approval in December for the
formation of a permanent Air Force Task Group, 7.4. That function would be carried
out by the 4950th, and would result in increased rcsponsnbxlxty for them and for the
Commander of Joint Task Force 7. However, this move was never consummated.

In April 1959, the 4950th had ecight B57-Bs and two B57-Cs, out of a readiness
requirement for twelve B57-Bs and four B57-Ds. The intent now was to convert the Cs'
to sampler configuration (a useable substitute for the Bs) and to obtain the Ds from
Strategic Air Command if they were ever needed. While no particular efforts were
made during 1959 to reduce this sampling capability below that established immediate-
ly after the moratorium began, it was clear that the organization itself was worried
about further reductions if additional jobs were not found. In June of 1959, Colonel
Byrne of the 4950th queried both George Cowan of LASL and Ed Fleming of Livermore on
the plans and requirements for samplers which could be used from Indian Springs,
beyond projects already named. Fleming didn't help the situation when he replied
that, in his opinion, other than Rover and Plowshare, there would be no nuclear tests
requiring. sampling for a long time to come. Furthermore, since Sandia would have
completed a Drone Aircraft Sampling System by the end of the year, he did not see
that Livermore would need the 4926th sampling capability after that time.’

Perhaps 4950th spirits rose a bit when they were told by Merrill Smith of ALOO
in September that the AEC was surveying possible canal and harbor sites in Alaska,
with a view toward using atomic weapons for excavation purposes in 1961. Participa-
tion with AFTAC in exercises in Australia in early October 1959 must also have helped
a bit. In October 1959, the ARDC reaffirmed their statement that it was important to
retain the 4950th as it presently existed. The possibility of the 4950th continuing
to assist AFTAC was strengthened by a rumor in early October that U-2 aircraft might
be assigned to the 4950th to support the AFTAC requirements for extremely high-
altitude sampling. However, in November, the new commander of the 4950th, Colonel
Wignall, was faced with the suggested reorganization of AFSWC, which would do away
with the 4950th by absorbing ‘its function into AFSWC Headquarters. Wignall clearly
felt that such a move would impair the proper support to nuclear test planning and
jeopardize the sampling capability. In December 1959, Headquarters Air Force Tre-
quested details of aircraft, manpower and schedule requirements to build up the
capabilities needed if testing were resumed, the mformatnon to be supplied by Feb.
1960.

Thus, at the end of 1959, the capability for sampling atmospheric detonations in
Ncvada had not been seriously compromised, but the pressure was fairly high to reduce
it.

Pacific Test Capability/Willow Planning, 1959

During the Hardtack series in the Pacific in 1958, the Marshallese natives asked
‘the United Nations to take those moves necessary to prevent further testing of
nuclear weapons at the Eniwetok Proving Ground. In November of 1958, both John
~Foster Dulles and Phil Farley* expressed their feelings to the Commission that

*PhilipJ. Farley was Recording Secretary of the AEC, 1047-1954; member of the State Department Office of the Special
Asst. for Atomic Energy, 1954-1957; and then Special Asast. to State Department Secretaries Dulles and Herter.

ey
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further testing in the Marshalls would be most impoliti.c.. However, the testing
organization was reluctant to give up the large and familiar plant that had been

built up over the vears.

"sites su’ch as Palmyra, Midway, Canton, or Howland/Baker, and consider open sea opera-
tions, using ecither airdrops and/or Liberty ships -as platforms for the devices. The
testing organization had to add to Starbird’s suggestions the Department of Defense
lanning for the 1960 Operation Willow.

Su.3.c.55)
O
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construction and maintenance requirecments necessary to continuec the EPG test capabi-
lity. The most important item of maintenance was the signal cable plant, but other
repairs, including strengthening a number of the buildings and towers on Parry and
Eniwetok, were needed. Money promptly became a problem. In mid-November 1958,
Hertford asked for an extra two million dollars to do the necessary construction.
Starbird approved some of the work in mid-December 1958, but ‘delayed the rest for
further consideration.

In ecarly 1959, discussions between the Laboratory people, Joint Task Force 7,
ALOO, and others began to solidify some of these concepts. At a January 28 meeting
held at ALOO it was estimated that to achieve an open seas readiness stature would
take about five months, but that the Eniwetok Proving Ground could respond in three
months. Furthermore an eight-shot operation could be completed at the EPG before any
alternate location could be ready. However, later discussions led to the decision to
go ahead with the open sea operation concept. The open sea operation would be planned
for approximately 600 miles south of Hawaii, using airdrops lifted from Hawaii, or,
when the device could not be prepared for an airdrop, Liberty ships as platforms.
The operation would be controlled from an AGC command ship. Fireball cameras could
be pointed by slaving to the ship’s radar tracking system. Sampling would be done by
aircraft based at Hickam or Barbers Point. An LSD would be used by the AEC laborato-
ries as an instrumentation ship. ' ‘

However, in the longer range future, the full Operation Willow, about mid-1960,
would use both Johnstor and Eniwetok. .

In line with these concepts, EG&G began design and construction of the tracking
platforms, while the Navy investigated techniques for mooring barges or ships in dcep
water. ALOO authorized H&N, Sandia, and EG&G to proceed with design and engineering
for some of the open sea facilities and timing and firing systems. They began explo-
ration of the use of Pearl Harbor and Hijo as a Hawaiian Test Center. Since the LSD
was critical to the open sea concept, ALOO requested that JTF-7 forward the designa-

tion and "as built" drawings of an LSD approved for use in the operation in order

that the Laboratories could make specific ship modification plans. For their part,
"AFSWP continued design and construction of the equipment needed for Project Willow,
using part of the 17 million dollars in their 1959 budget for that project. The
estimate of the total Willow cost was 60 million dollars. No additional funds were
yet approved for 1960. ‘ )

Starbird emphasized that all of these investigations and activities should be
conducted in a low-publicity manner to avoid the misinterpretation that we were
proceeding toward nuclear testing (in retrospect, it's hard to see how that could
have been a misinterpretation). LASL transmitted 2 number of unclassified messages
on this subject in mid-February, and were promptly told by Washington that it was an

—— =
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extremely scnsmvc subject and that it should all be classified. 5)(/;

At the end of January 1959, Parker (AFSWP), noting that magnetic conjugate, 5'9' .’p
communications, and radar effects from high-altitude shots warranted further investi- ’
gation,

B¢
] , 1ht LNIweto roving Ground population was 1,800, of which 564 were Ex. 3{ '
Army and 407 Air Force. Design and construction work was still continuing, but on a Doe
rather leisurely schedule.
In mid-March, representatives of all of the pertinent agencies again met in
Washington at Arlington Hall and agreed on the specific planning for conducting an
overseas test operation some 300 nautical miles southeast of the island of Hawaii.

5usec.
G(
Ex. |
cripps Institute was brought in to help calculate the tsunami hazar D.o.2
sca dctonation, and, by July, had come up with guidelines; onc of them was, "For Ao
example, if a wave height of six feet onshore at Hawaii is considered the safe limit, &5 & 8¢
a ten-megaton open sea barge shot should be located at least 800 miles away, while a (b
one-megaton shot need be removed only 250 miles.” €x.3
Thus, during the early part of 1959, the Eniwetok Proving Ground itself was not D.0.E.
only maintained, but some repairs were made under the restricted funding. . But in
carly May 1959, at a meeting in Washington attended by high level AEC and DOD person-
nel, including AEC Laboratory representatives, the conclusion was reached that early
resumption of atmospheric tests at the EPG had an extremely small probability, and
that, as a consequence, the EPG should be placed on a maintenance standby status and
expenditures should be limited to those necessary to prevent deterioration of essen-
tial facilities to the point where replacement or repair could cause a long-term
delay in test resumption. It was assumed that no tests would commence at the
Eniwetok Proving Ground sooner than nine to twelve months after receiving authority
to resume testing. At the same meeting, it was concluded that there was a slightly
higher probability that open sea testing would be allowed and, therefore, investiga-
tion of techniques and planning for such tests were warranted, but that no substan-
tial funds or talent should be expended on the problem.
Just slightly later, during the previously mentioned discussions of the test
planning ad hoc group of Starbird, Parker, and Anderson and their subcommittees,
several actions were recommended to phase down the resources at the Eniwetok Proving
Ground to a maintenance standby status. Some of them were: consolidation of the
base camp facilities on Eniwetok Island with concomitant mothballing of the facili-
ties and equipment on Parry Island, which had been the AEC and 7.1 Headquarters;
reduction of the boat pool; removal of all locally based aircraft; reassignment of
all communications to the AEC contractor (H&N); cessation of any further construc-
tion, except for minor modifications needed to consolidate the base camp facilities;
and reduction of the total strength to 495 people, of which 69 would be Department of
- Defense. However, it took a little time to carry out these actions in the field, so
in June of 1959 H&N still had under design for the Eniwetok Proving Ground the
following interesting items: a new barge slip for Parry Island, permanent rcinforce-
ment of the base island buildings, soundproofing and air conditioning of the Liver-
more and LASL offices on' Parry Island, redesign of the IBM computer building, re-
placement of the triangular photo towers on Parry and Enyu by stronger rectangular
towers, and design of a new photo tower to replace the Mack tower. They were also
working hard, however, on the open sea concept and had under design an LCU shot
vehicle and a more appropriate LSD mast for ummg and firing communication.
The Department of Defense contmued vigorous planning for Wnllow through May.
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June, July, and August of 1959, including support to its contractors for preparation
of the mid-1960 operation. However, in carly August, the Secretary of. Defense,
McElroy, changed his guidance, stating, amongst other things, that cxp.cnc'llturcs for
construction equipment and instrumentation for specific tests would be ’lx.rmtcd to the
funds available to the military departments and to DASA for weapons testing purposes.
The new guidance stated that no weapons effects series involving overseas opcr.atxons
and environments other than underground would be conducted prior to the spring of
1961. This action resulted almost immediately in a reduction of the funding for DASA
projects by approximately a factor of three.

By the 28th of July 1959, the Department of Defense and the AEC had agreed, in .

principal, that the EPG should be reduced to the minimum required for a.lz-month
response capability, and the associated DOD organizations were to proceed with corre-
sponding functional and manning changes. (But on the 3rd of August, the .Chncf of
DASA (Parker) added an EPG land surface weapons effects test to the willow Planning.)

On August 7, 1959, Eniwetok was officially notified by JTF-7 (less th.an onc year
after the beginning of the moratorium) that the EPG would be phased down immediately
to maintenance standby, with a capability to resume testing within 12 months. Only
facilities and equipment which could not be replaced within 12 months would be kept
at the EPG and there would be a maximum consolidation of the AEC/DOD functions. Task
Group 7.2 was to start immediately to transfer its functions to the AEC contractor
(H&N), and was to complete the transfer by January 1960. At the same time, Jim
Reeves, wearing the hat of the Commander of Task Group 7.5, ordered the AEC contrac-
tor side of the house to proceed in the same fashion,

avy roup were to return all ships to the
Navy with the exception of 16 LCMs and four LCUs which were to be retained at EPG for
use by the AEC maintenance and security force.

So began Operation Switch at Eniwetok. The Laboratories removed all of their
equipment from the upper islands and either stored it on Parry or Eniwetok or brought
it home. Military-owned equipment, except for that needed to keep the airficld open,
was either transferred to the AEC or returned to CONUS. Coaxial cable was returned to
the Nevada Test Site. The Air Force redeployed all helicopter personnel to home
station. By mid-December 1959, the Task Force strength on Eniwetok was down to about
20 from a level of 1,000 at the beginning of the year, and Holmes & Narver had taken
over virtually all functions. By late January of 1960, Operation Switch had 'been
completed. : . .

In parallel with these actions at Eniwetok, the Task Force support organization,
consistent with the recommendations made through June and July, was also phased down.
As mentioned elsewhere, the Technical Task Group, 7.1, was deactivated as of August
31, 1959. JTG 7.2, the Army housckeeping organization at Eniwetok, as previously
mentioned, was continually reduced in size and finally moved from Eniwetok to
Arlington Hall Station-on January 17, 1960. Task Group 7.5, the AEC Task Group was
deactivated, but retained a fair fraction of their personnel within AEC Field
Offices, at ALOO, or in Nevada. _

The previously mentioned study by Chief AFSWP, JTF-7 Commander, and Starbird
recommended that JTF-7 become a subordinate command of DASA. That action became
effective November 27, 1959, with the previous JTF-7 Chief of Staff, Brigadier
General George T. Duncan, taking over command from General Anderson. On August 20,
1959, Duncan had indicated to the Department of the Army that there would be no
requirement for a general officer in the Task Force after FY 1960. Rear Admiral
Parker, Chief DASA, on November 9, directed that a plan be developed to transfer the
Nevada Test Site support functions of DASA to JTF-7, and that JTF-7 establish an
Albuquerque office to carry out that work.

——
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By the end of 1959 a major portion of the orgamzauons for conducting overseas
tests had disappeared. Eniwetok Proving Ground had been put in a carctaker status,
the plans for an open seca.operation had come and gone, and virtually the only active
planning for a real operation was the DASA planning for Operation Willow, to be
conducted in 1961.

High-Altitude Test Detection, Mid-1959 Through Early 1960

As previously related,* the Conference of Experts had recognized their lack of
knowledge concerning the detection of high-altitude detonations and the need for a
later conference on the subject. Efforts ** were made in early 1959 to prepare for
such a meeting, including the appointment by PSAC of an Ad Hoc group on High Altitude
Detection, chaired by Dr. Wolfgang Panofsky. )

The Commission began considering the high-altitude detection question in earnest
at a May 29, 1959, meeting, at which they were briefed by Dr. Richard Latter of Rand.

.The reasons for conducting high altitude nuclear tests, Latter said, are as
follows: (1) to obtain further information on the scientific and military applica-
tions of nuclear weapons; (2) to carry out tests, other than underground, which would
not result in radioactive fallout; (3) to continue testing in the ecvent there is
agreement to limit testing at altitudes below 100,000 km, thereby avoiding radio-
active fallout; and (4) to determine the capability to carry out and detect clandes-
tine nuclear tests above 100,000 km altitude in the event of agreement to cease all
nuclear weapons tests. He summarized the Panofsky Panel's conclusions as becing that
nuclear testing is feasible at altitudes up to 300 mnll' n kilometers, that it is

feasible to establish a system of satellit Sksen
ully guaranteed high-alti- (A)(’/
tude detection capability, Latter said that he could not detail such a system at the Ex. /

time, but felt that an adequate system could be established by 1963. Through this D
briefing, and one a few days later which included some new information from the 0.€.
~ Panofsky Panel, the commissioners concluded that high-altitude test detection was

‘more feasible than underground test detection and also reached a consensus that the

results of the panel’s studies and reports should be made public.

-Khrushchev expressed a willingness to join in technical discussions on the high-
altitude dctection problems as proposed by the US. and UK. Thus, a meceting of
experts from the three countries convened on June 22 in Geneva, concluding their
talks with a final report on July 10, 1959. This group, known as Technical Working
- Group 1, made the following general recommendations: that five to six earth satel-
lites be emplaced at altitudes greater than 30,000 kilometers for detection of necu-
trons, prompt gamma rays, delayed gamma rays, and soft x-rays, or, if technical or
economic reasons required, this system be deployed at low altitudes; that a satellite
be placed in the appropriate eclliptical earth orbit to cover the magnetic field
regions of electron trapping; that, if thought necessary, a system of four solar
satellites be emplaced to increase coverage of the regions behind the moon and the

*In a My 14, 1959, letter (Department of State Bulletin).

**An early oxhnph was an April 19, 1959, report written st LASL by Don Waestervelt, in draft form, on an atmospheric
fluorescence system. Major Robert Fisher of AFTAC had requested that this report be submitted immediately, even though it
was only partially complete, based on an urgent request from Hans Bethe that it is needed in Geneva. Thus, chm copies of
the hurriedly finalised draft were sent to Geneva to Spurgeon Keeny, Bethe, and Panolsky.
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sun: and last, "that ground control posts be equipped with instruments for observing
direct visible light, for observing fluorescence in the -upper atmosphere, _f°’
measuring the absorption of cosmic radio noise in the ionosphere, and for measuring
radio signals.” o

During the summer of 1959, the DOD had agreed to accept overall responsibility
for high-altitude dectection, but therc was uncertainty as to who wou!dv oversee the
work until the primary role was given to ARPA on September 2. Until this decision was
final, between about April and September, the lack of definite responsiblity cat{scd_
some problem, although it is clear that AFTAC was playing the major DOD technical
role at this time. ’

On July 22 Starbird requested that the LASL and Sandia directors produce a
concrete statement of the work that had to begin without delay, for forwarding to
AFTAC. AFTAC neceded the details to formulate the final program in order to ask for
approval and funding. from the DOD. Since AFTAC felt that this funding might bc a
long time in coming, DMA asked for emergency funding for its portion.

The U.S. satellite borne detection efforts, which were based on the work already
being overseen by the Buzzer Committee, were to become known as Vela Hotel The
techniques of surface-based detection of high-altitude explosions, such as the obser-
vation of nuclear explosion-induced atmospheric fluorescence being worked on at LASL,
became part of Vela Sierra. i
. During the summer, some of the detectors and logic systems being developed at
LASL and Sandia for satellite packages were tested. A neutron detector, an electron
magnetic spectrometer, and a proton counter telescope were flown on small rockets as
the beginning of experimental work on such systems. Doyle Northrup (AFTAC), on
September 3, 1959, forwarded to Bradbury a background program document entitled
"Proposed Program of Research on Detection of Nuclear Explosions at High Altitude in
the Atmosphere and in Space.® The document discussed Technical Working Group |
recommendations of July 10, 1959, to the Geneva Conference, and addressed the feasi-
bility of various methods of detecting high-altituds explosions using ground stations
and satellites. Northrup stated that AFTAC had the overall technical project manage-
ment whereas ARPA would be responsible for overall supervision and funding. AFTAC
intended to request the .assistance of consultants in various disciplinary fields, and
proposcd the establishment of an advisory panel to DDR&E. The proposed panel would
have Panofsky as the chairman and Dick Latter as the acting chairman, with Bethe,
Bing, Donovan, Goldberger, Longmire, Molnar, Peterson (SRI), Pickering (JPL),
Taschek, and Watson (LRL) as members. Part of the program was to be a set of nuclear
tests to check the detection system’s capability. The tests would include a repeat
of the last Argus test and a number of other tests, with and without x-ray shields,
between 100 thousand and 300 million kilometers altitude.

The AEC laboratories were asked late in the summer to provide information on
their theorctical work to the DOD, whe also had the Army Ballistic Missile Agency
(ABMA) and the Space Technology Laboratory (STL) on contract to ARPA to provide
information to the Department of State for the Geneva negotiators. The Geneva
negotiators requested that ARPA study and evaluate detection systems for explosions
of one kiloton or larger yield, at altitudes above 30-50 kilometers, using ecither
surface or satellite means. ARPA was to provide a report to Geneva by October 7,
1959, and to update the report within 6 months. :

In early fall 1959, after being assigned overall responsibility, ARPA issued
Order No. 102-60 directing Air Force Ballistic Missile Division (AFBMD) to investi-
gate a system of ground stations and satellites for detecting nuclear detonations at
altitudes above 50 kilometers. By Amendment 1 to the same order ARPA directed BMD to
produce a development plan for the R&D program leading to a detailed definition of

‘such a satellite system. This plan was to be developed by a - joint working group
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including AEC, NASA, and ARDC. The group’s report was published in rough draft in
March of 1960 by the Vela Joint Working Group, chaired by Colonel Harry Evans of
AFBMD. The report, entitied "Project Vela Hotel, ARPA Order No. 102-60" discussed
all aspects of the proposed satellite systems (using a large part of the Buzzer
Committee’s October 1959 report, entitled "Capability Report for a Satellite System
for Nuclear Burst Surveillance"), as well as associated communications, launch
vehicle development, possible use of various rocket probes for instrumentation devel-
opment, and extensive estimates of cost. Sixty-three. million dollars would be re-
quired between FY 1961 and 1964, 36 million for launch vehicles and 20 million for
satellite payloads.

In October, at Starbird’s request, both LASL and Sandia estimated the FY 1960
funding and manpower required to support Vela Hotel. LASL required additional
funding of something less than $1 million, and Sandia estimated $2.7 million, more
than half of which was for hardware procurement. On October 29, Glen Fowler of
Sandia updated the Sandia cost estimate to a significantly lower number for FY 1960.
Livermore, secldom mentioned in high-altitude detection, responded with an estimate
for a small effort of $200,000. - v

. On October 29 Taschek gave Don Shuster LASL’s rocket support requirements. LASL
required, between January and July of 1960, about 10 small rockets having a 100-mile
altitude ‘ capability, and about 10 carriers with a 300 mile altitude capability as
soon as Sandia could make them available. For higher-altitude applications, LASL and
Sandia would jointly request carriers from AFTAC.

On November 23 Starbird gave LASL a go-ahead for their program; but authorized
Sandia to proceed only with general research, not to include any hardware purchases.

On February 19, 1960, Hertford summarized the LASL and Sandia requirements for
Vela Hotel for the next several fiscal years. Sandia intended té utilize 10 Nike-
Cajun rockets for instrumentation flights thnrough the rest of FY 1960. Journeyman B
rockets for instrumentation flights needed by LASL and Sandia were to be provided by
AFSWC. Other instrumentation packages were planned to be carried piggyback on NASA
satellite flights. Finally, emplacement of four Vela Hotel satellites was planned,
with the first pre-prototype package of a nine-satellite build to be launched in 18
to 24 months,

Deep Space and High-Altitude Nuclear Testing,
Spring_ 1959 Through Early 1960

April 1959 hearings on the Argus explosions by the House Committee on Science
and Astronautics and the subsequent publication of the unclassified part of these
discussions in June served to increase awareness of the possible future use of space
for nuclear test detonations. Public reaction to the problem of atmospheric fallout
from low altitude testing was one of the factors that had led to the test moratorium,
so there was. need to consider the possibility of deep space nuclear weapon testing as
an alternative or supplement to underground testing. There was need to consider the
methods by which the enemy might cheat on a CTB by testing in outer space. There was
need for the DOD to understand the effects on communications, radar operation, etc.
of nuclcar detonations at high altitudes. These needs led to growing attention to
this testing environment in the spring of 1959. As mentioned elsewhere, planning for
the DOD high-altitude effects series Willow had been going on for many months, but
only in early May did the Commission (AEC) begin addressing the possibility of.
satisfying some of their own requirements by testing in the upper atmosphere or .in
deep space. ~ - - - - , - -

In May, Starbird requested that the Laboratories send him information on possi=-:
ble high-altitude testing, detection, and evasion methods, in preparation for the .
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upcoming Technical Working Group I meeting. He espec_:ially desired a angrmorc report
on possible shielding of high-altitude nuclear detonations. Molnar (Sa.ndna) r_csponded
in late May with details of how nuclear devices and rocketborne expenmgntauon could
be utilized to test in outer space, with particular attention being giveén to th9se
details that Molnar felt should not be discussed with the Russians at th.e upcoming
High-Altitude Detection Technical Working Group. He forwarded two stufhcs on ‘hn.gh-
altitude testing possibilities, addressing methods of positioning and instrumenting
such tests, the basic measurements that would be sought, and how they would be
obtained, and discussing safety problems, both with the missile and the warhead, and
how these problems might be solved. ~ o o

The Commission was briefed July 17 by General Starbird on the various prelimi-
nary high-éltitude test summaries and proposals. Their reaction was to regard the
information as extremely sensitive, and to suggest that the reports ought to be
closely held. :

The DOD, through Loper, suggested to the AEC that Willow be made a joint AEC-DOD
program, but in the summer of 1959 there was neither a strong desire by DASA to have
the Laboratories’ programs fully included in Willow, nor an cagerness by the AEC
technical people to include their requirements in this DOD scries of tests.

DASA planning for the high-altitude portion of Willow, as updated to the DDR&E
on August 3, was to carry the appropriate warhead aloft on a Jupiter missile launched
from Johnston Island. The missile would also carry two to four "pods” to be deployed
for close-in measurements. Companion rockets would be utilized for additional mea-
" surements. A review of the Willow plan by DDR&E resulted in a decision in August to
conduct Willow no ecarlier than March 1961, and the JCS was given the figure of two .
million dollars to fund the FY 1960 effort rather than six million as originally
recommended by AFSWC, AFSWC was to be in charge of the rocket launch and pod pro-
grams, as well as small rocket programs for other DOD Laboratories.

The Airforce Ballistic Missile Division, on their own initiative, published, on
September 1, a proposed program for Quter Space Weapons Testing. Their report began
by noting the Air Force "realization that the USS.R. has such a capability and may
well be in a position to exploit it." A carrier system was proposed to lift a 1,000-
pound payload containing the device, measurcment sensors, and cquipment to transmit
the data back to earth. The time to have a new .test capability was estimated to be
grcater than 24 months. The Eastern Test Range and Johnston Island were considered
possible launch sites for the program, estimated to cost around $30 million.

The first detailed proposal from the AEC Laboratories on a deep space test
capability came from Edward Teller to Starbird on September 30, 1959. Teller encour-
aged development of that capability and proposed use of a three-stage Atlas booster
launched from cither Eniwetok-Bikini or Christmas Island. Johnston Island, he felt,
should not be considered because it was already overcrowded. - Livermore estimated
that this development would take about 18 months (through the first calibration shot)
and cost about $50 million. Later shots would cost $10-15 million each. Teller
statcd that either LASL or Livermore should be assigned responsibility for the ex-
periment, but that Livermore could not undertake the job without an increase in staff
and, thus, he preferred that LASL undertake the job. McCone notificd Starbird on
" October 18 that he was impressed with Teller's proposal.

The carlicst mention of the Thor as a device carrier is in an October 27 AFSWC
proposal for inclusion of Argus type experiments in Operation Willow. AFSWC recom-
mended that three tests be carried to altitudes of 100 to 400 kilometers (from
Johnston Island) by the Thor (which would carry instrumentation pods), with addi-
tional diagnostic equipment to be carried by Javelin rockets. . .

Discussion of these various proposals had progressed sufficiently by late 1959
that the Chief of DASA, Admiral Parker, sought General Starbird's concurrence that
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DASA fund preliminary planning for development of an outer space testing capability.
Starbird forwarded the DASA proposal for joint consideration of outer space testing
to ALOO and the weapons laboratories on January 19, 1960. Noting the similarity
between the AFBMD and the Teller proposals, Starbird asked for opinions about a
reciprocal program with the DOD whereby the AEC would provide the warhead and some
dxagnostnc packages for the two highest-altitude Willow tests, while at the same time
encouraging the DOD to proceed with planning and engineering studies outlined in the
AFBMD proposal. Starbird noted that "except for organizational concept and assignment
of responsibilities,” the DOD outer space program would accomplish the purpose of the
Livermore proposal. That particular exception was onc that was extremely important
to the addressces. Gerry Johnson of Livermore replied, on January 26, that there was
a clear difference between the objectives of Willow (high-altitude effects) and outer
space testing (to develop an AEC lab capability in that regime). Furthermore, Liver-
more specifically disagreed with Starbird’s proposed division of responsibility,
feeling that the development of any testing capability was the responsibility of the
AEC, and military participation would appropriately be only supportive, Bradbury,
although somewhat milder, was also pessimistic about the organizational format and
responsibilities. He also felt that the AEC must retain control. The Sandia reply,
on January 27 was even stronger in guarding the AEC's rightful responsibilities on
Willow and outer space testing. Sandia felt that DASA should be notified that the
AEC would provide a package containing warheads and associated arming, firing, and
diagnostics systems for joint AEC-DOD Willow tests for both weapons effects and
diagnostic purposes. Furthermore, for the outer space test capability, DOD might
provide and control the launch vehicle and perform certain other functions such as
site sclection and preparation, but the AEC should have overall test direction to
ensurc that the scientific objectives of these tests were met. .

After receiving these replies, Starbird informed Hertford, with information
copies to the Laboratories, on February 3, 1960, of his response to DASA. He indi-
cated that the AEC agreed to provide the warheads and diagnostic packages for the
Willow shots. Starbird felt the organizational responsibilities could be worked out
later, following approval of the tests. As for the outer space testing proposal,

. Starbird recommended that DOD proceed along the line of the AFBMD study. The Labora-
torics were to proceed with engineering and developmental planning for an AEC package
which would contain the warhead, arming, fusing, firing, safing, dlagnostnc equip-
ment, and related telemetry for a full-scale nuclear test.

. Based on Starbird’s agreement DASA released funds to ARDC for further study of
their -outer space testing proposal, in coordination with the AEC. The technical
working group that was formed to study this was chaired by Air Force Ballistic
Missile Division (AFBMD, under ARDC) and had representatives from AFSWC, Livermore,
LASL, and Sandia. At their first meeting on February 19, 1960, at AFBMD the group
agreed to develop a detailed plan on a testing capability for some appropriate
distance outside the earth’s influence. Following approval by both AEC and the Air
Force, the plan would be delivered to DASA by July 28, 1960. This system was given
the acronym ASWT, for Advanced System for Weapons Test. Early discussions indicated
that while it would cost an additional $30,000,000 to launch from Johnston Island
instead of the present facilities at Cape Canaveral, it would also solve a number of .
operational and safety problems.

In January 1960, DASA canccled Redstone flights planned for later that year to
test. the missile with the instrumentation pods, indicating that such tests were an
unwise investment in the Willow low-altitude program. Virtually all of the Willow
activity and active planning and preparation were discontinued by DASA February 26,
although Task Group 7.3 (Navy Task Group) supported a series of ‘tests off the Florida
coast in February and March of 1960 to evaluate various methods of locating and
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recovering pods ejected from missiles on high-altitudc tests.. .
Thus, after all the studying and coordinating of proposals, a coupl_c of'mqnths

into 1960 the only firm high-altitude program (Willow) was completely inactive, but

the AEC and DOD had started to coordinate-planning and development of an outer space

test capability.

Underground Detection, 1959

On April 23, 1959, Chairman McCone met with Killian, Quarles, and Starbird and
agrecd that the AEC would be primarily responsible for following the Berkner Panel
recommendation to undertake an experimental test program to determine the parameters
of detection and concealment of underground nuclear detonations, and to dctermine the
feasibility, practicability, costs, and timing of underground tests mnecessary 1o
investigate these parameters. The AEC and the DOD would try to establish the test
requirements jointly.

Livermore and Rand, working with AFTAC and Sandia, promptly set about to carry
out these aims under the guidance of such people as Carl Romney of AFTAC, Glen Werth
and Harold Brown of Livermore, and Al Latter of Rand. In May of 1959, there was
pressure on Livermore to produce results quickly, especially on the Latter-hole
concept. But Harold Brown, in an exchange with Starbird, made the strong point that
it would be better to take a year and get the correct results than to produce
erroncous results in a short time, even though results were needed for the upcoming
mccting of Technical Working Group II at Geneva. ' :

In late June, an interagency "Scientific Panel to Evaluate the Overall Adcquacy
of Test Detection Systems" was set up, and as part of that, the Ad Hoc Group on
Seismology, with Dr. Frank Press as Chairman, was formed by the Director of Dcfense
Research and Engincering. The Commission, at Starbird’s suggestion, made Harold
Brown the AEC representative, with Spofford English and Starbird as observers. :

The feeling that data had to be produced to assist in the test ban negotiations
grew stronger and stronger in mid-1959. This desire for data grew out of two
opposing viewpoints. Those who felt very strongly that continued testing was to thc
benefit of the United States wanted such measurements and calculations in order to
show that detection and identification systems would really not be effective against
a determined cheater. Those who felt a treaty, a cessation of all testing, would be
to the benefit of the United States also felt that such measurements and calculations
helped develop confidence that the US. would not be trapped by allowing the Sovicts
to gain information from clandestine testing, which they could do, whereas we, on the
other hand, would not advance any further because, in our opcn society, it was clear -
that we could not, and would not, conduct tests clandestinely. .

There was, of course, a third set of people who wanted the cessation of testing,
belicved the Russians would not cheat, and thought that the whole busincss of re-
quiring on-site inspections and detection stations within the Soviet Union was a lot
of folderol. However, their voice was not loud in Washington. Obviously, persons of
this third category did not believe that cither further experimental or theoretical
investigations were necessary. - However, since that happened to be the Russian line
at the moment, it was not popular in American circles. »

The gencral line of attack secemed to be to produce data and theory to convince
the Soviets that the problem of detection was difficult and that cheating was possi-
ble. This line was apparently supposed to convince them that they should accept our
proposals for on-site inspection and international detection systems, or at least
that they should join us in designing satisfactory systems of that type. In essence,
we seemed to be saying that "We know we won't cheat, but we know you will if given
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the chance, so why don t you woo us into a complete test ban trcaty by allowing us to
design and install methods to prevent any cheating that we can imagine. And further-
more, we would like you to help us pay for this.”

As had been remarked by the Berkner Panel, the overall problem of underground
detection involved an understanding of the response of the earth to nuclcar detona-
tions and carthquakes; improved ~scismological techniques for investigating these
phenomena; and an understanding of the effects of geology, depth of burial, ctc., on
coupling of nuclear dctonation energy to thc earth, as manifested by thc appearance

of that energy at telescismic .distances. It was of great importance to distinguish

somehow the signal of a nuclear explosion from that of an carthquake. To offer
significant improvements in the detection and identification system, it was nccessary
to lcarn, by theory and experience, a great deal more about the sngnals from nuclear
dctonations.

The Latter "big hole" theory prediction of dccouplmg factors as high as 300 was
addressed by means of two programs, onc high-explosive and one nuclear. The high-
explosive program, Project Cowboy, consisted of several shots fircd in hollow cavi-
ties in sait. In particular, 1,000 pounds of high explosive was fired in the center
of a 30-foot diameter spherical cavity and the scismic signal from that compared with
the signal from the detonation of a 1,000-pound high explosive closely tamped in
salt. The seismic signal (at several frequencies) was observed at distances as great
as 44,000 feet. Between December 1959 and mid-March 1960 these experiments showed
that the dccoupling theory was approximately correct for high explosive. Amongst our
‘own experts there was not agreement that high-explosive experiments could prove that
the Latter decoupling theory applied to nuclear detonations.

The second part of the cavnty decoupling program, nuclear dccouplmg. was the
subject of Commission discussion in late July. As a result Starbird notified the
Laboratoriecs and AFTAC on July 24, 1959,* that Chairman McCone wanted to accelerate
studies and actions to stage those underground nuclear shots necessary to ccnfirm or
rcfute the Latter decoupling theory. On August 3, 1959, at a Washington mecting
called by Starbird, attended by Northrup and Romney of AFTAC, Al Latter of Rand,
Carson Mark of LASL, and others, an attempt was made to further planning for the
decoupled and associated closely tamped nuclear events. After arguments in which
Livermore suggested 200 tons yicld, and AFTAC 5 kilotons, agreement was reached to
attempt a 1.7 kiloton detonation in salt. If it turned out to be impractical to
build a cavity for that yicld the 200 ton yicld would be the fallback position. The
decoupled shot could presumably be conducted by March of 1960.

Early on, it was recognized that the coupling of the energy of an underground
nuclear detonation to the earth would be dependent upon the medium in which the shot
was fired (alluvium, tuff, granite, salt, etc.).** In order to investigate this
phcnomenon and the question of nuclear vs. high explosive coupling, Project Concerto
was initiated. By early August 1959, the engineering was well along for that pro-
ject, to be conducted at the Nevada Test Sité. Project Concerto involved some seven
closely tamped shots, of which six were to be nuclear. Specifically there were to be
three 5-kt nuclear shots (Orchid at 2- to 3,000-foot depth in tuff, ‘Porpoise at
10,000-foot depth in tuff, and Dinosaur at an unspecified depth, but off site); two
shots to compare nuclear vs. high explosive at 1 kt (Cottontail, high explosive in

*A handwritten comment on the LASL eapyéf this message is "How come the Chairman will let this test be planned, but
Starbird says ‘'nothing doing on one-pointa’?” Surely getting ready for a decoupling shot will be "obvious® and arouse comment .
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nuclear in tuff); and two other shots to look -at th.e effects of
1/4 kt nuclear in tuff, and Stingray, 50- kt nuclear in tuff). In
mid-September, Harold Brown (Livcrmorc) requested authority to proceed with construc-
tion for the high-explosive Cottontail event to achieve a February 15, 1960, recady
date for the shot. Of the whole Concerto program, this was the only shot he felt
could be conducted without serious political restrictions. Starbird _again _strcsscd
the need to avoid any leak or speculation that the large hole cxpcru_ncntauon was
indicative of AEC planning for any nuclear tests, even though discps;nons had becp
going on with the Russians for some time aimed at getting them to join th_csc experi-
mental efforts to improve the definition of the required worldwide seismic net. .ln
carly October, Gerry Johnson of Livermore again requested from Starbird authgnzauon
to proceed with the engineering and construction for Cottontail. Howcvc.r, Livermore
had chosen a new site in a separate tunnel and now proposed a new readiness date _of
May 1, 1960, which would be consistent with the AFTAC readiness to observe telese:xs-
mic signals from Lollipop,* intended for April 1, 1960. On October 22 Starbird
stated that, following ALOO review, the new Cottontail emplacement plan would be
discussed with AFTAC. In November 1959, the Commission reviewed the Lollipop plans,
wishing to be sure that any instrumentation proposed could be revealed to Soviet
representatives if the test should be conducted under international sponsorship.

tuff, and Crystal,
yield (Coffee Pot,

There was worry that some of the proposed projects associated with this shot could :)

_not be defended solely on the basis of seismic detection studies of underground

, 1959, Project Vela came into existence officially with the
assignment of the seismic, high-altitude, and surface detection programs to ARPA.
The underground detection study program became known as Vela Uniform (Uniform for
underground). However, the AEC continued to carry the responsibility for the nuclear
underground detonations and for Cottontail. ' ‘

By the end of 1959, a great deal of the effort at Livermore, Sandia, and the
test section of ALOO had been transferred from weapons testing to the design and
preparation of underground shots for seismic detection purposes. An appreciable part
of the FY 1960 weapons funding had also been transferred to that purpose.

~ Plowshare, Late 1959

Livermore and the Commission, in particular Libby, continued to press hard for
some arrangement that would make the Plowshare program feasible, cither during the
moratorium or under the framework of any trecaty to be negotiated. There was a bit of
schizophrenia at Livermore. On the one ‘hand they were pressing hard for.a provision
that would allow underground testing, cven though atmospheric testing was banned (a
variation of this had been proposed at Geneva in April), and on the other hand they
were also pointing out (Brown to Starbird, April 22) that being allowed to do the
most. obvious cratering shots was in conflict with the proposed requirement to test
only underground - it's hard to make a crater and yet completely contain. Another
problem that received serious attention was that of making an unclassified Plowshare
test arca, that is, an area available for inspection, so as to prove that it had
nothing to do with weapons development.

.

*Separately planned by Livermore and AFTAC (in response to the Berkner Panel.recommendations) as a 5-kt tamped

nuclear shot in granite at the NTS.

T )

nuClgar shots, but appeared to aim more toward the develo f weapons testing —
tcchnii“i i" !inmilitary uses of nuclear explosions, -
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152 RETURN TO TESTING

During the summer of 1959, Livermore settled on a number of Plowshare proposals,
of which the most significant were:

a. Gnome - planned as a 10-kt detonation in the Salado Salt Basin about 25
miles southeast of Carlsbad, New Mexico. The detonation would be some
1,200 feet below the surface. The primary purpose of the experiment
was to investigate the use of such an explosion as a source of heat or
enérgy to run an electric .power plant (although no plant was to be
associated with the detonation). Side issues were the investigation of
the production of transplutomc ‘radioisotopes and additional data on
seismic coupling in salt.

b. Chariot - an excavation project to 'producc a harbor close to Cape
Thompson, Alaska.

c. Oxcart - which was to be a couplc of detonations at NTS to mvestxgate
excavation efficiency as a function of yield and depth to assist in the
planning for Chariot.

d. Ditchdigger - was to be the test of a—clcan explosive

v
device which would enhance the feasibility of such projects as the
proposed sea level Panama Canal.

LOithheld Ondee

e. m_[s_a_n_d; - an experiment to study the feasibility of oil recovery by
means of a nuclear explosion in the Athabascan tar sands of Canada.

f. Qil Shale - which would use a nuclear explosion to shatter an oil shale
formation, followed by an attempt to retort in place.

